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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 


Tl warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Tl’s standard warranty. Testing and other quality 
control techniques are utilized to the extent Tl deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those 
mandated by government requirements. 


Certain applications using semiconductor products may involve potential risks of death, 
personal injury, or severe property or environmental damage (“Critical Applications”). 


Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 


Inclusion of TI products in such applications is understood to be fully at the risk of the customer. 
Use of Tl products in such applications requires the written approval of an appropriate T1 officer. 
Questions concerning potential risk applications should be directed to TI through a local SC 
sales office. 


In order to minimize risks associated with the customer’s applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 


Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright © 1996, Texas Instruments Incorporated 


Printed in U.S.A. by 
Custom Printing Company 
Owensville, Missouri 
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INTRODUCTION 


The TMS370 Microcontroller Family Data Book from Texas Instruments includes complete 
detailed specifications on the TMS370 8-Bit Microcontroller Family product line to include 
the following device groups: TMS370Cx0x, TMS370Cx1x, TMS370Cx2x, TMS370Cx32, 
TMS370Cx36, TMS370Cx4x, TMS370Cx5x, TMS370Cx6x, TMS370Cx7x, TMS370Cx8x, 
TMS370Cx9x, TMS370CxAx, TMS370CxBx, and TMS370CxCx. 


The objective of this manual is to provide the user with complete information on all the 
device groups contained within the TMS370 Family, enabling selection of a particular 
device to suit the user’s needs and application much easier. 


The data book is divided into the following chapters, each of which is described briefly 
below: 


Chapter 1. General Information — Introduces the TMS370 Family of devices, discusses 
the key features and major components of the device family, includes an alphanumeric 
index for finding device numbers, and contains an ordering guide showing the 
device-numbering convention for all fourteen device families. This chapter also includes a 
functional-block-diagram generalization and a Texas Instruments related documents 
section with further assistance information provided. 


Chapter 2. Selection Guide — Provides an easy-to-use reference guide that includes 
specific device information by device groups: product family descriptions (device type, part 
number, package and temperature options, and pin count); memory (program and data 
memory and any capability of off-chip memory expansion); and any peripherals (timers, 
serial interfaces, A/D channels, I/O, clock generators, and OTP and reprogrammable 
devices). This chapter also identifies the development support tools available for each of 
the TMS370 devices. 


Chapter 3. Operating Conditions and Characteristics/Timing Conventions/ 
Glossary — Defines terms and standards used throughout the data book with respect to the 
TMS370 Family operating conditions and characteristics. Identifies and describes the 
timing conventions utilized. This chapter also contains a glossary that defines acronyms, 
key terms, signal names, and some general concepts. 


Chapters 4 -— 17. Data Sheets -— Contains the data sheets for the TMS370 8-Bit 
Microcontroller Family. 


Chapter 18. Mechanical Data— Shows the detailed mechanical drawing packages and the 
associated specifications for each package type utilized in the TMS370 family. This chapter 
also provides a cross-reference table to identify the mechanical package type(s) to a 
specific device family. 


Chapter 19. Quality and Reliability — Details the selected processes, standards and 
philosophies that Texas Instruments uses to ensure the production of high quality products. 


Chapter 20. Guidelines for Handling Electrostatic-Discharge-Sensitive Devices and 
Assemblies — Because the devices included in the TMS370 8-Bit Microcontroller Family 
are categorized as Class 2 ESD-sensitive, this section includes the guidelines for the 
handling of ESD-sensitive devices. 


For ordering information or further assistance, please contact your nearest Texas 
Instruments sales office or distributor as listed in the back page of this book. 
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PRODUCT STAGE STATEMENTS 


Product stage statements are used on Texas Instruments data sheets to 
indicate the development stage(s) of the product(s) specified in the data 
sheets. 


lf all products specified in a data sheet are at the same development stage, 
the appropriate statement from the following list is placed in the lower left 
corner of the first page of the data sheet. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


ADVANCE INFORMATION concerns new products in the sampling or 
preproduction phase of development. Characteristic data and other 
specifications are subject to change without notice. 


PRODUCT PREVIEW information concerns products in the formative 
or design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 


If not all products specified in a data sheet are at the PRODUCTION DATA 
stage, then the first statement below is placed in the lower left corner of the 
first page of the data sheet. Subsequent pages of the data sheet containing 
PRODUCT PREVIEW information or ADVANCE INFORMATION are then 
marked in the lower left-hand corner with the appropriate statement given 
below: 


UNLESS OTHERWISE NOTED this document contains 
PRODUCTION DATA information current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


ADVANCE INFORMATION concerns new products in the sampling or 
preproduction phase of development. Characteristic data and other 
specifications are subject to change without notice. 


-PRODUCT PREVIEW information concerns products in the formative 
or design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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General Information 


introduction to the TMS370 family of devices 


This chapter briefly discusses the key features and major components of the TMS370 8-Bit Microcontroller 
families (that is, ’x0x, ’x1x, ’x2x, ’x32, ’x36, ’x4x, ..., ’xCx). It includes a functional-block-diagram generalization 
that depicts all available modules, with the understanding that no one device contains all the available modules. 
The chapter concludes with an alphanumeric index, the device-numbering convention, and a list of other Texas 
Instruments related documents. 


This chapter covers the following topics: 


Overview 

Typical Applications 

Device Categories 

Key Features of the TMS370 Microcontroller Family 
TMS370 Major Components Architecture 

—- CPU 

— Register File (RF) 

— RAM 

—- Data EEPROM 

— Program Memory (ROM/EPROM) 

— Input/Output Ports 

— Timer 1 

— Timer 2n (A and B) 

— Watchdog Timer 

— Programmable Acquisition and Control Timer (PACT) 
— Serial Communications Interfaces (SCI1 or SCI2) 
— Serial Peripheral Interface (SPI) 

— Analog-to-Digital Converter (ADC1, ADC2 or ADC3) Modules 
Summary of Components by Device Types 
Functional-Block-Diagram Generalization 
Alphanumeric Index 

Device-Numbering Conventions 

Available Development-System-Support Tools 


Related Documentation from Texas Instruments/Further Assistance Information 
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General Information 


overview 


The TMS370 family consists of very large scaled integration (VLSI), 8-bit, complementary metal oxide 
semiconductor (CMOS) microcontrollers with on-chip EEPROM storage and peripheral-support functions. 
These devices offer superior performance in complex, real-time control applications in demanding 
environments and are available in mask-programmable ROM and EPROM. 


In a continual effort to improve its products, Texas Instruments has added new, more robust features to the 
TMS370 family of devices that are designed to enhance performance and enable new application technologies. 
These added features include new watchdog modes and low-power modes for mask-ROM devices. All family 
members are software compatible, so that many existing applications can be run on the improved devices 
without modification of software. (Refer to the associated data sheets for more information on compatibility.) 


In expanding its powerful TMS370 family of microcontrollers, TI™ offers many new configurable devices for 
specific applications. As microcontrollers have evolved, Tl has added multiple peripheral functions to chips that 
originally had only a central processing unit (CPU), memory, and I/O blocks. Now, with the high-performance, 
software-compatible TMS370 microcontrollers, over 80 standard products are available. Also, up to 27 function 
modules can be used to configure a new device quickly, easily, and cost-effectively for any applications. 


The TMS370 family is supported fully by Tl development tools that facilitate simplified software development 
for prompt market introduction of new products. These tools include an assembler, an optimizing C compiler, 
a linker, a C source debugger, a design kit, a starter kit, and a third-party microcontroller programmer from 
BP Microsystems. All of these tools work together by using an IBM™-compatible personal computer (PC) as 
the host and the central control element. This allows the user to select the host computer and text management 
as well as editing tools according to system requirements. 


Additionally, the TMS370 in-circuit emulator [XDS™—extended development support, and CDT370 compact 
development tool (CDT™)] allows the user to immediately begin designing, testing, and debugging the system 
upon specification. The reason for this is straightforward: the emulator itself is modular and configurable, 
thereby eliminating the need to produce a new emulator for each TMS370 configuration. 


typical applications 


The TMS370 family of devices is the ideal choice for the applications shown in Table 1 because the newly added 
features (like the addition of multiple peripheral functions per device) have expanded the TMS370 family of 
microcontrollers, enhanced its performance, and opened up new application technologies. 


Navigational systems 
Engine control 
Antilock braking 


Table 1. Typical Applications for TMS370 Family of Microcontroller Devices 
Cruise control 
C ' Keyboards Disk controllers 
iid ccand! Peripheral interface control Terminals 


APPLICATION AREA APPLICATIONS 
Entertainment systems 
Motor control Meter control 
Industrial Temperature controllers Medical instrumentation 
Process control Security systems 


Climate control systems 
Automotive 
Instrumentation 
Modems 
Mies Telecopiers 
Telecommunications Intelligent phones 
: Debit cards 
Intelligent line card control 


Tl, XDS, and CDT are trademarks of Texas Instruments Incorporated. 
IBM is a trademark of International Business Machines Corp. 
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General Information 


device categories 


The TMS370 category of devices is divided into fourteen families (see Table 2). All the families are supported 
by a full complement of development support tools. (For more information on the available development support 
tools, refer to the section on available development system support tools in Chapter 2.) 


Table 2. TMS370 Family Categories and Their Corresponding Devices 


FAMILY DEVICES INCLUDED 


TMS370Cx0x TMS370C002A TMS370C302A TMS370C702T SE370C702T 
TMS370Cx1 TMS370C010A TMS370C012A TMS370C310A TMS370C311A TMS370C312A 
me TMS370C0712A TMS370C712B SE370C712AT SE370C712BT 


TusiroCex TMS370C020A § TMS370C022A TMS370C320A  TMS370C322A = _1TMS370C722 
- SE370C0722T i : : . | 


TMS370Cx32 TMS370C032A  TMS370C732A TMS370C332A  SE370C732AtT 

TMS370Cx36 TMS370C036A  TMS370C736A SE370C736AT : 
TMS370C150A  TMS370C156A TMS370C250A TMS370C256A  TMS370C350A 
TMS370C352A _TMS370C353A TMS370C356A  TMS370C358A | TMS370C452A 

pa ace TMS370C067A _TMS370C068A TMS370C069A  TMS370C768A TMS370C769A 

ares SE370C768At _ SE370C769AT 

TMS370Cx7x TMS370C077A | TMS870C777A_ SE370C777AT 

TMS370CxAx TMS370C3A7A 

TMS370CxBx TMS370COB6A 


TMS370Cx4 TMS370C040A TMS370C042A TMS370C340A TMS370C342A TMS370C742A 
a. SE370C742At 
TMS370C050A TMS370C052A TMS370CO56A TMS370C058A TMS370C059A 
TMS370Cx5x 
TMS370C456A TMS370C756A TMS370C758A TMS370C758B TMS370C759A 
SE370C756AT §_SE370C758At SE370C758Bt = SE370C759AT : 
TMS370Cx8x TMS370C080A TMS370C380A TMS370C686A SE370C686AT 
TMS370Cx9x TMS370C090A _  =TMS870C792. ~=— SE370C792T ce 
TMS370CxCx TMS370C3C0A TMS3870C6C2A SE370C6C2AT 
t These system evaluators are used only in a prototype environment. Their reliability has not been characterized. 
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key features 


The TMS370 family is based on a register-to-register architecture that allows access to a register file (up to 
256 bytes) in a single bus cycle. On-chip memory includes program memory (mask ROM or EPROM), static 
RAM, standby RAM, and data EEPROM. 


The versatile on-chip peripheral functions include an analog-to-digital converter (ADC1, ADC2, or ADC3), a 
serial communications interface (SCI1 or SCI2), a serial peripheral interface (SPI), three different timer modules 
(T1, T2A, and T2B), and up to 55 digital input/output (1/O) pins. The number and type of peripheral functions 
(modules) is dependent on the TMS370 family of devices. 


The following are key features of the TMS370 device family (not all features are available for all devices): 


Compatibility for supporting software migration between current and future microcontrollers 


CMOS EPROM technology for providing reprogrammable EPROM and one-time programmable (OTP) 
program memory for prototypes and for small-volume or quick-turn production 


CMOS EEPROM technology for providing EEPROM programming with a single 5-V supply 
ADC technology for converting analog signals to digital values 

Static RAM/registers that offer numerous memory options 

Standby RAM that offers data protection in power-off condition 


Programmable (asynchronous and isosynchronous?) built-in serial communications interface for control of 
timing, data format, and protocol 


Serial peripheral interface for providing single-mode synchronous data transmission from the CPUs to any 
external peripheral devices 


Flexible operating features: 
— Power-reduction-standby and halt modes 


— Temperature options: 
0°C to 70°C operating temperature (L) 
—40°C to 85°C operating temperature (A) 
—40°C to 105°C operating temperature (T) 


— Input clock frequency options: 
Divide-by-4 ( 0.5 MHz to 5 MHz SYSCLK ) standard oscillator 
Divide-by-1 (2 MHz to 5 MHz SYSCLK) phase-locked loop (PLL) 


— Operating voltage range: 5 V +10% 

Flexible interrupt handling for design flexibility: 

— Two programmable interrupt levels 

— Programmable rising-edge or falling-edge detect 

System integrity features that increase flexibility during the software development phase: 
— Oscillator fault detection 

— Privileged mode lockout 

— Watchdog timer 

— Memory security (for ROM) 


t Ilsosynchronous = isochronous 
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key features (continued) 

Memory-mapped ports for easy addressing 

An optimizing C compiler that translates ANSI C programs into ’370 assembly language source 

A high-level language debugger that lets the user refine and correct code 


A modular library for quickly changing the device configurations 


Eighteen addressing modes that use eight formats, including: 
— Implied 

— Register-to-register arithmetic 

— Indirect addressing 

— Indexed and indirect branches and calls 

— PCrelative 

250-mA typical latch-up immunity at 25°C 


Electrostatic discharge (ESD) protection that exceeds 2,000 V per MIL-STD-883C method 3015, making 
the TMS370 families Class 2 ESD-sensitive devices 


TMS370 major components architecture 


In addition to the features listed in the key features section, the TMS370 family members have the following 
architectural features. Not all features (key or architectural) are applicable to all devices (see Table 1 in 
Chapter 2). The selection reference guide in Chapter 2, summarizes the following features and identifies the 
applicable devices associated with those features. 


CPU 


The TMS370 8-bit CPU has a status register, program-counter register, and stack pointer. The CPU uses the 
register file as working registers that are accessed on the internal bus in one bus cycle. The 8-bit internal bus 
also allows access to memory and to the peripheral interfaces. TMS370Cx5x, TMS370Cx6x, TMS370Cx7x, 
and TMS370CxBx devices all allow external memory expansion through ports A, B, C, and D. 


register file (RF) 


The register file is located at the beginning of the TMS370 memory map. Register-access instructions in the 
TMS370 instruction set allow access to any of the first 256 registers (if available) in one bus cycle. This segment 
of the memory map is used as general-purpose RAM and as the stack. 


RAM 


RAM modules, other than those contained in the register file, are mapped after the register file. The TMS370 
accesses this RAM in two cycles. 


data EEPROM 


With the exception of the TMS370CxAx and TMS370CxCx families, certain devices in the TMS370 family have 
EEPROM. The data EEPROM modules provide in-circuit programmability and data retention in power-off mode. 
The modules contain 256 or 512 bytes of EEPROM. This memory is useful for storing constants and infrequently 
changed variables that are required by the application program. The EEPROM can be programmed and erased 
by using available EEPROM programmers or by the TMS370 device under program control. 
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program memory (ROM/EPROM) 


The program memory provides alternatives to meet the needs of different applications. The program memory 
modules presently contain 2K, 4K, 8K, 16K, 24K, 32K, or 48K bytes of memory. The program memory in 
TMS370C6xx, SE370C6xx, TMS370C7xx, and SE370C7xx devices is EPROM. EPROM devices in a 
windowed ceramic package can be programmed, erased, and reprogrammed for prototyping. EPROM devices 
in a non-windowed plastic package are one-time programmable (OTP) devices that are used for small 
production runs. In the TMS370COxx, TMS370C3xx, and TMS370C4xx devices, the program memory is 
mask-ROM that is programmed at the factory. ROM devices are appropriate for large-volume production. 


input/output ports 


The TMS370 family of devices has a varying number of I/O ports that have various port widths. Table 3 lists the 


available I/O port widths, by the number of bits, for each of the different TMS370 families. 


timer 1 


Table 3. Bits Per Port for TMS370 Devices 
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tT For all families, the ports for these microcontrollers can be programmed, bit by bit, to function as either digital input 
or digital output. 

+ These ports can be configured by the software as the data, control, and address buses for external memory. Any 
bits not needed for external memory can be programmed to be either digital input or digital output. 


Timer 1 is a 16-bit timer that can be configured in the following ways: 


1-8 


A programmable 8-bit prescaler (provide a 24-bit real-time timer) that determines the independent clock 
sources for the general-purpose timer and the watchdog (WD) timer 


A 16-bit event timer, to keep a cumulative total of the transitions 
A 16-bit pulse accumulator, to measure the pulse-input width 
A 16-bit input-capture function that latches the counter value on the occurrence of an external input 
Two 16-bit compare registers that trigger when the counter matches the contents of a compare register 


A self-contained pulse-width modulated (PWM) output control function 
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General Information 


timer 1 (continued) 


The results of these operations can generate an interrupt to the CPU, set flag bits, reset the timer counter, toggle 
an I/O line, or generate PWM outputs. Timer 1 can provide up to 200 ns of resolution with a 5-MHz system clock 
(SYSCLK). 


timer 2n (A and B) 


Timer 2A and 2B are 16-bit timers that can be configured in the following ways: 


Four independent clock sources for the general-purpose timer 

A 16-bit event timer, to keep a cumulative total of the transitions 

A16-bit pulse accumulator, to measure the pulse-input width 

Two 16-bit input-capture devices that change a counter value on the occurrence of an external input 
Two 16-bit compare registers that trigger when a counter matches the contents of a compare register 


A self-contained PWM output controller 


The results of these timer operations can generate an interrupt to the CPU, set flag bits, reset the timer counter, 
toggle an I/O line, or generate PWM outputs. Timers 2A and 2B can provide up to 200 ns of resolution with a 
5-MHz system clock (SYSCLK). 


watchdog timer 


The watchdog timer helps ensure system integrity. It can be programmed to generate a hardware reset when 
it times out. This function provides a hardware monitor over the software to avoid losing a program. If not needed 
as a watchdog, this timer can be used as a general-purpose timer. 


programmable acquisition and control timer (PACT) 


The PACT module in the ’Cx32 and ’Cx36 device categories is a programmable timing module that uses some 
of the on-chip RAM to store its commands as well as the timer values. Only the TMS370Cx36 device offers the 
256-byte standby RAM that protects stored data against power failures. The PACT module offers the following: 


Input capture on up to six pins, four of which may have a programmable prescaler 
One input-capture pin that can drive an 8-bit event counter 

Up to eight timer-driven outputs 

Timer capability of up to 20 bits 

Interaction between event counter and timer activity 

Eighteen independent interrupt vectors to allow better servicing of events 
Watchdog with selectable time-out period 


Mini-SCI (serial communications interface) that works as a full duplex UART (universal asynchronous 
receiver transmitter) 


Once set up, the PACT requires no CPU overhead except to service interrupts. 
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serial communications interface (SCI1 or SCI2) 


The term SCI is used frequently to refer to SCl1 and SCi2. The SCl1 and SCl2 modules are built-in serial 
interfaces. The SCI1 has a 3-pin configuration and SCl2 has a 2-pin configuration. Both offer the following 
features: 


@ Programmable to be asynchronous (up to 156 Kbps) 

® Full duplex, doubie-buffered receive (Rx) and transmit (Tx) 
@ Programmable format with error-checking capabilities 

The following feature is available only on the SCi1 module: 

@® Programmable to be isosynchronous (up to 2.5 Mbps) 


The SCI1 and SCi2 modules program and control all timing, data format, and protocol factors. The CPU takes 
part in the serial communications only: 


® To write data transmitted to the registers in the SCI 
® To read received data from the registers in the SCI when interrupted 
serial peripheral interface (SPI) 


The SPI module is a built-in serial interface that facilitates communication between the network master, slave 
CPUs, and the external peripheral devices. The SPI module provides synchronous data transmission of up to 
2.5 Mbps. Like the SCI, the SPI is set up by software. Once setup, the CPU takes no part in timing, data format, 
or protocol. Also, like the SCI, the CPU reads and writes to memory-mapped registers to receive and transmit 
data. An SPI interrupt alerts the CPU when received data is ready. 


analog-to-digital converter (ADC1, ADC2, ADC3) modules 


The 8-bit ADC modules perform successive approximation conversion. The term ADC is a general term used 
for ADC1, ADC2, and ADC3 modules. The ADCs offer the following number of input channels for each of the 
specified microcontroller families: 


@ ADCi offers the following: 

— Four channels in the 40-pin devices of the ’x4x family, 

— Eight channels in the 44-pin devices of the ’x4x, ’x32, and ’x36 families 

— Eight channels in the 64-pin and 68-pin devices of the ’x5x, ’x6x, ’x7x, and ’xBx families 
@ ADC2 offers four channels in the 28-pin devices of the ’*xCx family 
@® ADC3 offers 15 channels in the 40-pin and 44-pin devices of the ’x9x family 


The reference source and input channel are selectable. The user can program the conversion result to be the 
ratio of the input voltage to the reference voltage or the ratio of one analog input to another. Input lines that are 
not required for analog-to-digital conversion can be programmed to be digital input lines. 


For a detailed explanation on any of the major components of the TMS370 device family, refer to the TMS370 
8-Bit Microcontroller User’s Guide (literature number SPNU127) or to the specific data sheet in a device 
category. 


For more details on the programming of the TMS370 family or for further expansion on the applications of these 
devices, refer to the section on related documentation from Texas Instruments. 
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summary of components by device types 


The major components of the TMS370 family devices (discussed in the TMS370 major components architecture 
section) are summarized in Chapter 2, Table 1 (selection reference guide) and Table 2 (development system 
support tools). 


functional-block-diagram generalization 


This section contains a functional-block-diagram generalization for the TMS370 microcontroller families (that 
is, XOX, ’X1X, ’X2x, ’x32, ’x36, ’x4x, ..., ’xCx). Because this diagram is a generalization, it depicts all the modules 
available for the TMS370 families, with the understanding that no one TMS370 device contains all available 
options. The diagram also shows the basic internal connections among the major architectural features that are 
identified in the selection guide in Chapter 2. For a functional block diagram of a specific TM370 family, the 
pinouts, the descriptions of the pinouts, and descriptions of the external connection names, refer to the 
applicable data sheet contained in Chapters 4 through 17. 
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functional-block-diagram generalization of the TMS370 families 
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T Not available on all devices; see the selection reference guide (Chapter 2). 
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alphanumeric index of devices 


TMS370GO56A 105 
TMS370CO69A i 


3 
3 
: 
1 
1 
1 


5 

o 6- 

TMS370C7588 10 
TMS370G76BA 1 


TMS370C040A 9-1 | TMS370C342A 9-1 | TMS370C777A +904 
TMS370C042A 9-1 | TMS370C350A 10-1 | TMS370C0792 14-1 
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device-numbering conventions 


TMS 370 C 7 1 


INO 


A FNT 


Prefix: Temperature Ranges: 


TMS = Qualified A= -40°C to 85°C 
SE= System evaluator Ls: CGw 7G 
(window EEPROM) T= -40°C to 105°C 


Package Types: 
Pkg 
Type 
CDIP 
CLCC 28/44/68 
CSDIP 40 
CSDIP 64 
PDIP 28/40 
PLCC 28/44/68 
PSDIP 40 
PSDIP 64 


Family: 370 = Microcontroller 


Technology: C = CMOS 


Frogrem Memory Types: 


= Mask-ROM and EEPROM ROM and EEPROM Option: 
ROM-less, no Data EEPROM For ROM: 
ROM-less and EEPROM A = __ Selectable clock as —4 or —1 


(PLL) and a watchdog timer 
configured as one of the three 
mask options: standard 
watchdog, hard watchdog, or 
simple counter. 
For ROM-less: 

A = __ Standard watchdog and +4 OSC, 

low-power modes enabled 


ROM Memory w/Security and EEPROM 
EPROM, no Data EEPROM 
EPROM and EEPROM 


— Mask-ROM, no Data EEPROM 


Extra 
For EPROM: 

No. Mem Ti I2A 2B SCI SPI ADC PIOT PACT on A = _ Standard watchdog and +4 
O= V Scl1 OSC, low-power modes enabled 
1= V v 28 B = Hard watchdog and +1 PLL, 
2= V Ssci1 Vv 40/44 low-power modes enabled 
o= t ADC1 V 44 None = Standard watchdog and +4 
ic V V SCI1 ADC1 40/44 OSC, low-power modes enabled 
5= SN Sci1 wv ADC1 64/68 
6 = so 4 oN BON 4 
7= ea, 
8= V 
Q= V 
A= V 
B= V 
C= V 24K bytes 

32K bytes 


48K bytes 


Tt Extra peripheral I/O 
+ For device type No. 3 the TMS370Cx32 device has no SPI; the TMS370Cx36 device has a SPI. 
§ NJ package was formerly known as N2. 


Figure 1. TMS370C Family Nomenclature 
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available development-system-support tools 


As previously stated, the TMS370 family is fully supported by TI development tools that facilitate simplified 
software development for prompt market introduction of new products. These tools include an assembler, an 
optimizing C compiler, a linker, a C source debugger, a design kit, a starter kit, and a third-party microcontroller 
programmer from BP Microsystems. All of these tools work together by using an IBM-compatible PC as the host 
and central control element. This allows the user to select the host computer and text management as well as 
editing tools according to system requirements. 


Additionally, the TMS370 in-circuit emulator (XDS and CDT370 Compact Development Tool) allows the user 
to immediately begin designing, testing, and debugging the system upon specification. The reason for this is 
straightforward: the emulator itself is modular and configurable, thereby eliminating the need to produce a new 
emulator for each TMS370 configuration. 


For a list of the available development-system-support tools, identified by device category, refer to the TMS370 
Development System Support Tools table in Chapter 2 or to the specific TMS370 device data sheet. 


For more detailed information on the development-system-support tools, refer to the TMS370 8-Bit 
Microcontroller User’s Guide (literature number SPNU127) or to the documents listed in the section titled related 
documentation from Texas Instruments. 
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related documentation from Texas Instruments/Further Assistance Information 


The following books describe the TMS370 family devices and related support tools. To obtain a copy of any of 
these Tl documents, call the Texas Instruments Literature Response Center at (800) 477-8924. When ordering, 
please identify the book by its title and literature number. 


TMS370 Family Assembly Language Tools User’s Guide (literature number SPNU010) describes the 
assembly language tools (assembler, linker, and other tools used to develop assembly code), 
assembler directives, macros, common object-file format, and symbolic debugging directives for 
the ’370 family of devices. 


TMS370 Family Optimizing C Compiler User’s Guide (literature number SPNU022) describes the ’370 
C compiler. This C compiler accepts ANSI standard C source code and produces assembly 
language source code for the ’370 family of devices. 


TMS370 Family C Source Debugger User’s Guide (literature number SPNU028) tells you how to invoke the 
TMS370 family application board and XDS versions of the C source debugger interface. This book 
discusses various aspects of the debugger interface, including window management, command 
entry, code execution, data management, and breakpoints. It also includes a tutorial that 
introduces basic debugger functionality. 


TMS370 Microcontroller Family User’s Guide (literature number SPNU127) describes the TMS 370 family 
of microcontroller devices and provides the user with the information needed to implement a 
microcontroller design using a TMS370 device. 


TMS370 Microcontroller Family Applications Book (literature number SPNAO17) provides examples of 
hardware interfaces and software routines for the TMS370 family of microcontrollers. 


FOR FURTHER ASSISTANCE TO... DO THIS... 


Write to: 

Texas Instruments Incorporated 

Market Communications Manager, MS 736 
P. O. Box 1443 

Houston, Texas 77251-1443 


Call the TI Literature Response Center: 
(800) 477-8924 

Call the Microcontroller Hotline: 

(713) 274-2370 

Fax: (713) 274-4203 


View the Web Page: 
http: /Awww.ti.com/sc/micro 
Call the Product Information Center: (214) 644-5580 


Fill out and return the reader response card at the end of this book, 
or send your comments to: 

Texas Instruments Incorporated 

Technical Publications Manager, MS 640 

P. O. Box 1443 

Houston, Texas 77251-1443 


Request more information about Texas Instruments microcontroller 
products 


Report mistakes in this document or any other T| documentation 
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Selection Guide/Development Tools 


introduction to selection guide and development-systems-support tools 


Chapter 2 contains a selection reference guide and a table listing of the available development support tools 
for the TMS370 family. 


selection reference guide 


The selection guide shown in Table 1 provides the user with an easy-to-use selection guide that includes the 
following specific device information by device groups: product family description (device type, part number, 
package and temperature options, and pin count); memory [program memory (ROM, EPROM), data memory 
(EEPROM, RAM) and any capability of off-chip memory expansion]; and peripherals (timers, serial interfaces, 
A/D channels, I/O, clock generators, and OTP and reprogrammable devices). The following symbol footnotes 
are used in Table 1: 


T Packages: FN = PLCC, FZ = CLCC, N = PDIP, JD = CDIP, NJ = PSDIP (formerly N2), JC = CSDIP, NM = PSDIP, JN = CSDIP 

+ Temperatures: ROM device types have L = 0°C to +70°C, A =— 40°C to +85°C, and T = — 40°C to +105°C temperature options; ROM-less, OTP 
and UV-EPROM device types only have T. 

§ PACT SCI: PACT includes a mini-SCI. SCl1 module has 3-pin configuration while SCI2 module has 2-pin configuration. 

1 RAM: Includes 256 bytes of standby RAM 

# Memory: Includes secured memory feature 

ll Max Freq: Supports maximum operating frequency of 3 MHz SYSCLK 

*xPACT WDOG: PACT includes a watchdog timer 

OADC1 Channels: 8 channels A/D for 44 pin package, 4 channels A/D for 40 pin package 

Timers: Timer 1 (T1) includes a watchdog timer programmable as a general purpose 16-bit timer 

‘44/40 Packages: 44 pins for FN, FZ packages. 40 pins for N, JD, NJ (formerly N2), JC packages. 

68/64 Packages: 68 pins for FN, FZ packages. 64 pins for NM, JN packages 

¥ TMS370CxCx SCI: Operable in asynchronous mode only 

A Converter Socket: Requires a TMDS377880TP converter socket 

# Requires software modification (refer to the TMS370CxBx Data Sheet (literature number SPNS038) — (Chapter 16) 


Table 1 is a continuous table and only the applicable symbol footnotes are listed on each page. 


development-systems-support tools 


The TMS370 development system support tools listing shown in Table 2 identifies the available development 
support tools (by tool description and part number) for each of the TMS370 device families (’xOx, ’x1x, ’x2x, x32, 
MOGs Sg RR): 
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Table 1. TMS370 8-Bit Microcontroller Product Configurations 


PROGRAM 
DATA MEMORY : 
BEvICe wet) saeace poe BACKAGE press bled (BYTES) wi 8 TIMERS®O SERIAL wD CLOCK Bilt AD 
TYPEt 5, lies G OPTIONS | pin COUNT (BYTES) MEM EX INTERFACES | CHANNELS GENERATOR 
sos =TEMP “yy”"t , Mm | (BYTES) DEVICES 
TMS370Cx0x 
| ROM — | TMS370C302Ayyz FN as Poe eh RS iS T1 SCI1 20 4 or PLL C702 


Ra ae BR ae Se [aaa EO a a ES ee 
TMS370Cx1x 


TMS370Cx2x 


SPI/SCI1 
SPI/SCI1 
SPI/SCI1 
SPI/SCI1 


C722 
C722 
C722 
C722 


44/40¥ 
44/40% 
44/40" 
44/40¥ 


+4 or PLL 
+4 or PLL 
+4 or PLL 
+4 or PLL 


T1 
Ti 
T1 
T1 


| ROM TMS370C320Ayyz | FN/N/NJ 
|} ROM — | TMS370C322Ayyz | FN/N/NJ 
| ROM | TMS370C020Ayyz | FN/N/NJ 


256 
256 256 
256 
256 


4K 
8K 


TMS370C022Ayyz | FN/N/NJ 
TMS370C722yyz_ | FN/N/NJ | 44/40” T1 SPI/SCI1 
UV-EPROM | SE370C722yyz | FZ/JD/UC | 44/40” 1s SPI/SCI1 


t Packages: FN = PLCC, FZ = CLCC, N = PDIP, JD = CDIP, NJ = PSDIP (formerly N2), JC = CSDIP, NM = PSDIP, JN = CSDIP 

+ Temperatures: ROM device types have L = 0°C to +70°C, A = — 40°C to +85°C, and T = — 40°C to +105°C temperature options; ROM-less, OTP and UV-EPROM device types only have T. 
§ PACT SCI: PACT includes a mini-SCI. SCI1 module has 3-pin configuration while SCI2 module has 2-pin configuration. 

® Timers: Timer 1 (T1) includes a watchdog timer programmable as a general purpose 16-bit timer 

‘¥44/40 Packages: 44 pins for FN, FZ packages. 40 pins for N, JD, NJ (formerly N2), JC packages. 
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Table 1. TMS370 8-Bit Microcontroller Product Configurations (Continued) 


PROGRAM 
DATA MEMORY 
navies PART NUMBER PACAKGE | PACKAGE MEMORY ie OFF-CHIP SERIAL AID CLOCK OTP AND 
‘yy "= PACKAGE | OPTIONS PIN BYTES (BYTES) MEM EXP REPROGRAMMABLE 
TYPE? 8 ( ) INTERFACES | CHANNELS GENERATOR 
bile wt | SOUT [rom Ternow | eeprom | raw | ©YTS®) tee 


TMS370Cx3x 


E 
F 
r 
r 
FN 
FZ 
FZ 


— 
f°?) 


PACT* 
PACTX* 
PACTX 
PACTX 
PACTX 
PACTX 
PACTX 


@ 
A 


PACT 
PACT 
SPI/PACT 
PACT 
SPI/PACT 
PACT 
SPI/PACT 


ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 


+4 or PLL 
+4 or PLL 
+4 or PLL 


C732 
C732 


TMS370C332Ayyz 
TMS370C032Ayyz 
TMS370C036Ayyz 

OTP TMS370C732Ayyz 

OTP TMS370C736Ayyz 
UV-EPROM | SE370C732Ayyz 
UV-EPROM | SE370C736Ayyz 


ra 
Q 
“I 
& 


> 


TMS370Cx4x 


T1/T2a 
T1/T2a 
T1/T2a 
T1/T2a 
T1/T2a 
T1/T2a 


Sci 
SCIi1 
SCii 
SCii 
SCi1 
Sci 


44/40* 
44/40% 
44/40¥ 
44/40" 
44/40¥ 
44/40* 


TMS370C340Ayyz 
TMS370C342Ayyz 
TMS370C040Ayyz 
TMS370C042Ayyz 
OTP TMS370C742Ayyz 
UV-EPROM | SE370C742Ayyz 


FN/N/NJ 
FN/N/NJ 
FN/N/NJ 
FN/N/NJ 
FN/N/NJ 
FZ/JD/JC 


ADC 1/8, 40 
ADC 1/8, 40 
ADC 1/8, 40 
ADC1/8, 40 
ADC1/8, 40 
ADC1/8, 40) 


36/32 
36/32 
36/32 
36/32 
36/32 
36/32 


+4 or PLL 
+4 or PLL 
+4 or PLL 
+4 or PLL 


C742 
C742 
C742 
C742 


4K 


TMS370Cx5x 


F 
FN 
FN 
F 

FN/NM 

FN/NM 

FN/NM 

FN/NM 


T1/T2a 
T1/T2a 
T1/T2a 
T1/T2a 
T1/T2a 
T1/T2a 
T1/T2a 
T1/T2a 


SPI/SCI1 
SPI/SCI1 
SPI/SCI1 
SPI/SCI1 
SPI/SCI1 
SPI/SCI1 
SPI/SCI1 
SPI/SCI1 


ROM-less | TMS370C150Ayyz 
TMS370C250Ayyz 
TMS370C156Ayyz 
TMS370C256Ayyz 
TMS370C350Ayyz 
TMS370C050Ayyz 
TMS370C352Ayyz 
TMS370C052Ayyz 
TMS370C452Ayyz F 8K T1/T2a SPI/SCI1 
TMS370C353Ayyz FN 12K T1/T2a SPI/SCI1 


Tt Packages: FN = PLCC, FZ = CLCC, N = PDIP, JD = CDIP, NJ = PSDIP (formerly N2), JC = CSDIP, NM = PSDIP, JN = CSDIP 

+ Temperatures: ROM device types have L = 0°C to +70°C, A = — 40°C to +85°C, and T = — 40°C to +105°C temperature options; ROM-less, OTP and UV-EPROM device types only have T. 
§ PACT SCI: PACT includes a mini-SCI. SCI1 module has 3-pin configuration while SCI2 module has 2-pin configuration. 

1 RAM: Includes 256 bytes of standby RAM 

# Memory: Includes secured memory feature 

%PACT WDOG: PACT includes a watchdog timer 

OADC1 Channels: 8 channels A/D for 44 pin package, 4 channels A/D for 40 pin package 

Timers: Timer 1 (T1) includes a watchdog timer programmable as a general purpose 16-bit timer 

‘¥ 44/40 Packages: 44 pins for FN, FZ packages. 40 pins for N, JD, NJ (formerly N2), JC packages. 

68/64 Packages: 68 pins for FN, FZ packages. 64 pins for NM, JN packages 


ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 


C756 
C756 
C756 
C756 
C756 
C756 
C756 
C756 
C756 
C759 


ROM-less 
ROM-less 


z 
d 


K 


68/64° 4K 112K 
68/64° 
68/64® 


68/64° 


+4 or PLL 
+4 or PLL 
+4 or PLL 
+4 or PLL 
+4 or PLL 
+4 or PLL 


55/53 
55/53 
55/53 
55/53 


8K 112K 
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Table 1. TMS370 8-Bit Microcontroller Product Configurations (Continued) 


A/D 
ora i CHANNELS 


PROGRAM 


OFF- 


DATA MEMORY 


OTP AND 


PART NUMBER PACAKGE | PACKAGE 


MEMORY CHIP SERIAL CLOCK 
“yy "= PACKAGE | OPTIONS PIN sete (BYTES) § REPROGRAMMABLE 
Bip feociqen ayyt cnahiy ( ) MEM EXP INTERFACE GENERATOR DEVICES 


DEVICE 
TYPE+ 


[Rom | eprom | cepRom | RAM | (8YTES) 


TMS370Cx5x (CONTINUED) 


| ROM | TMS370ca5eAyyz | FN/NM | 68/64? | tek | | | 512 112K T1/T2a SPI/SCI1 ADC1/8 | 55/53 C756 
| ROM |TMs37ocaseAyyz| FN | 68 |ieK*{ = | 512 512 T1/T2a SPI/SCI1 Apcie | 55 | +4orPLL C756 
| ROM TMS370C056Ayyz | FN/NM 68/64° Eo ee 512 512 112K T1/T2a SPI/SCI1 ADC1/8_—_| 55/53 C756 
| ROM | TMS37ocassAyyz | FN/NM | 68/64® | 32k | | — | 1024] 64k T1/T2a SPI/SCI1 Apci/8 =| 55/53 | +4 or PLL C758 
TMS370C756Ayyz | FN/NM | 68/64 | = | 16K 512 512 | 112K T1/T2a SPI/SCI1 ADCS FEBIGR HB) RM tite colts a 
TMS370C758Ayyz | FN/NM | 68/64° | = | 32K 256 |1024| 64K T1/T2a SPI/SCI1 ABOVE EA SEAGS Gor de har oS hoe mihi 
TMS370C758Byyz | FN/NM 68/64? | = | 32K 1024 | 64K T1/T2a SPI/SCI1 ADC1/8 | 55/53 PLL main 
UV-EPROM | SE370C756Ayyz | FZ/JN e/64? ff t6K-- | S12 61 | 142K T1/T2a SPI/SCI1 ADCHO:: <P SEI RG Bs Bele or) pose ree kneel 
UV-EPROM | SE370C758Ayyz | FZ/JN es/ea® | =| 32k 256 |1024| 64K T1/T2a SPI/SCI1 Ft lc Ein eee 
UV-EPROM | SE370C758Byyz | FZ/JN es/ea® | = | 32k 256 | 1024 T1/T2a SPI/SCI1 ADC1/8 | 55/53 PLL fs ina et al 


TMS370Cx6x 


| ROM | TMS370C067Ayyz FN 24K Paenaet ce 1024 | 24K | T1/T2a/T2b | SPI/SCI1 ADC1/8 55 +4 or PLL C768 
| ROM | TMS370CO6BAyyz FN sak | «| -286. =| 1024 | 24k | T1/T2a/T2b | SPI/SCIt ADC1/8 +4 or PLL C768 
| ROM | TMS370C069Ayyz FN axl} | 256 T1/T2a/T2b | SPI/SCI1 ADC1/8 +4 or PLL C769 


SPI/SCI1 
SPI/SCI1 


ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 


24K T1/T2a/T2b 
8K T1/T2a/T2b 


a 
F 


TMS370C768Ayyz 
TMS370C769Ayyz 


SE370C768Ayyz Z 1024 | 24K | T1/T2a/T2b | SPI/SCI1 
SE370C769Ayyz FZ 48k 256 T1/T2a/T2b | SPI/SCI1 
t Packages: FN = PLCC, FZ = CLCC, N = PDIP, JD = CDIP, NJ = PSDIP (formerly N2), JC = CSDIP, NM = PSDIP, JN = CSDIP 
+ Temperatures: ROM device types have L = 0°C to +70°C, A = — 40°C to +85°C, and T = — 40°C to +105°C temperature options; ROM-less, OTP and UV-EPROM device types only have T. 
§ PACT SCI: PACT includes a mini-SCI. SC!1 module has 3-pin configuration while SCI2 module has 2-pin configuration. 

!! Max Freq: Supports maximum operating frequency of 3 MHz SYSCLK 

Timers: Timer 1 (T1) includes a watchdog timer programmable as a general purpose 16-bit timer 

68/64 Packages: 68 pins for FN, FZ packages. 64 pins for NM, JN packages 
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Table 1. TMS370 8-Bit Microcontroller Product Configurations (Continued) 


PROGRAM 
fe tes PACKAGE MEMORY ata ciel SERIAL A/D 
PIN COUNT (BYTES) INTERFACES | CHANNELS 


PART NUMBER 
“yy "= PACKAGE 
oe =TEMP 


OTP AND 
REPROGRAMMABLE 
DEVICES 


DEVICE 
TYPEt 


CLOCK 
GENERATOR 


“yy"t 


TMS370Cx7x 


| ek | titan | Above |ssiss| #4orpu | cr? 
CTS GT ee Pe eee 
Fe ike a a Be es ae 


TMS370Cx8x 


OT 
UV-EPROM 


4 
= 
” 
io) 
~ 
So 
.@) 
o 
N 
~ 
> 
< 
N 
1) 7 
ale 
ot Wha: 
ae ier 
=| 
ai @> 
oOo; oe 
aE: 
HG 
Le] 
> 
hm 


TMS370C777Ayyz 
SE370C777Ayyz FZ/JN 68/64® 


TMS370C380Ayyz 


Pp 

ae 

ce 
P 


ie ee ne 
ee MAMAN eR 
ah ne 2S A ee 

Oot A OS Ee 


E 
— 


40 
44 
UV-EPROM | SE370C686Ayyz 


ore | tssrocveaye | eww | wro® |_| 


+4 

TMS370Cx9x 
ee Me a 
CCeopen eee Pe 
Rte: Jina a ian ls OR Ras Aas i a a Mi 


C792 


= 
Nh 
ies) 


TMS370CxAx 

[rom [rmssrocearane [oN] [ex] | yee] [tray sm [| | | ‘wrt | cree | 
TMS370CxBx ; 
TMS370CxCx 


[rom [rwssrocsconye[ WN [x] | [m=] |" | so® | wom [= [ wr | com 
[ore | rwsarocecanye | eww | | | | [we{ | | som | arom [2 [ ~ | — 
Tavernow | searoceceaye | reno |e | | «| [we || | sow? | ancow [= [ve J 


T Packages: FN = PLCC, FZ = CLCC, N = PDIP, JD = CDIP, NJ = PSDIP (formerly N2), JC = CSDIP, NM = PSDIP, JN = CSDIP 

+ Temperatures: ROM device types have L = 0°C to +70°C, A = — 40°C to +85°C, and T = — 40°C to +105°C temperature options; ROM-less, OTP and UV-EPROM device types only have T. 
§ PACT SCI: PACT includes a mini-SCI. SCI1 module has 3-pin configuration while SCI2 module has 2-pin configuration. 

Timers: Timer 1 (T1) includes a watchdog timer programmable as a general purpose 16-bit timer 

‘¥ 44/40 Packages: 44 pins for FN, FZ packages. 40 pins for N, JD, NJ (formerly N2), JC packages. 

68/64 Packages: 68 pins for FN, FZ packages. 64 pins for NM, JN packages 

¥ TMS370CxCx SCI: Operable in asynchronous mode only 

A Converter Socket: Requires a TMDS377880TP converter socket 

# Requires software modification (refer to the TMS370CxBx Data Sheet (literature number SPNS038) — (Chapter 16) 
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Table 2. TMS370 Development System Support Tools 


DEVELOPMENT TOOL 
DESCRIPTION PART NUMBER 
Assembler/Linker (PC) TMDS3740850-02 Vv 


C-Compiler, Assem/Link (PC) TMDS3740855-02 V 
C-Compiler, Assem/Link (WS) TMDS3740555-09 V 


TMS370 Compact Development Tool 
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CDT370 
CDT370 PACT 
CDT370 Timer 
CDT Target Cables 
28-Pin PLCC (x0Ox) 
28-Pin DIP (x1x) 
28-Pin PLCC (x1x) 
40-Pin DIP (x2x) 
44-Pin PLCC (x2x) 
40-Pin SDIP (x2x) 
44-Pin PLCC (x32) 
44-Pin PLCC (x36) 
40-Pin DIP (x4x) 
44-Pin PLCC (x4x) 
40-Pin SDIP (x4x) 


68-Pin PLCC (x5x, x6x, x7x, xBx) 
64-Pin SDIP (x5x, x7x, xBx) 


40-Pin DIP (x8x) 
44-Pin PLCC (x8x) 
40-Pin SDIP (x9x) 
44-Pin PLCC (x9x) 
40-Pin DIP (xAx) 
28-Pin PLCC (xCx) 
28-Pin DIP (xCx) 


EDSCDT370 
EDSCDT37P 
EDSCDT37T 


EDSTRG28PLCC02 
EDSTRG28sDIL 
EDSTRG28PLCC 
EDSTRG4ODILX 
EDSTRG44PLCCX 
EDSTRG40SDILX 
EDSTRG44PLCC32 
EDSTRG44PLCC36 
EDSTRG4ODIL 
EDSTRG44PLCC 
EDSTRG40SDIL 
EDSTRG68PLCC 
EDSTRG64SDIL 
EDSTRG40DIL8X 
EDSTRG44PLCC8X 
EDSTRG40SDILO5 
EDSTRG44PLCC05 
EDSTRG40DILAX 
EDSTRG28PLCCCX 
EDSTRG28DILCX 
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Table 2. TMS370 Development System Support Tools (Continued) 


DEVELOPMENT TOOL 
DESCRIPTION 


XDS Target Cable 
28-Pin DIP/PLCC TMDS3788828 
40-Pin DIP/SDIP, 44-Pin PLCC TMDS3788844 
68-Pin PLCC, 64-Pin SDIP TMDS3788868 


Converter Socket 
(from ’758 to ’080 or ’3A7) 


Programming Solutions 
BP1148TI Base TMDS3760500A 


Top/DIP (40-Pin DIP/SDIP, 
28-Pin DIP, 64-Pin SDIP) 


Top/PLCC (44-Pin PLCC, 
28-Pin PLCC, 68-Pin PLCC) 


Top/x36 (44-Pin PLCC x36) TMDS3700572A 


Top/x9x (44-Pin PLCC/ 
40-Pin SDIP x9x) 


TMDS3780511A 


TMDS3780510A 


TMDS3780513A 


And for more information on the key features of the TMS370 Development Tools, and their current availability for PC-DOS and MS-DOS 
systems, refer to the TMS370 8-Bit Microcontroller User’s Guide (literature number SPNU127). 


third-party support 


COMPANY ADDRESS PHONE NUMBER TOOL ENVIRONMENT 


395 Sierra Madre Villa 
Allen Ashley Pasadena, CA 91107 (818) 793-5748 Assembler/Linker PC/MS-DOS 
1000 North Post Oak Rd., Suite 225 (713) 688-4600 Support (with adaptor top from Tl) BP1148TI, 
Br Micronystome Houston, TX 77055 (800) 225-2102 BP1200 and BP2100 programmers rae 
10525 Willows Rd., NE ae 
Data I/O Redmond, WA 98073 (206) 881-6444 Programmers for TMS370; 3900, 2900 and Unisite PC/MS-DOS 
) 130 Capitol Drive, Suites A & B TMS370 Microcontroller Module for ALLPRO ALLPRO 
Giednen icannate 1603 A South Main St. (408) 263-6667 Support with Turpro-1/FX, Turpro-1/TX, Turpro-1, PC/MS-DOS and 
y Milpitas, CA 95035 (408) 263-6668 APRO, Turpro-832, and Turpro-840 programmers Standalone 
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Operating Conditions and Characteristics/Timing Conventions/Glossary 


operating conditions and characteristics 


current 


high-level input current, I) 
The current into an input when a high-level voltage is applied to that input. 
high-level output current, Ioy 


The current into an output with input conditions applied that, according to the product specification, establishes 
a high level at the output. 


low-level input current, Ij,_ 
The current into an input when a low-level voltage is applied to that input. 
low-level output current, Io. 


The current into an output with input conditions applied that, according to the product specification, establishes 
a low level at the output. 


supply current, Icc; Icc2; ccs; Ipp, IccstBy 
The current into, respectively, the (V¢c= Vcc1); Voc2; Vcc3: Vpp, VecstBy supply terminals. 

operating free-air temperature, Tp, 
The temperature range over which the device operates and the range which meets the specified electrical 
characteristics. 


voltage 
high-level input voltage, Vj} 


An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which of the logic element within specification 
limits is assured. 


high-level output voltage, Voy 


The voltage at an output terminal with input conditions applied that, according to the product specification, 
establishes a high level at the output. 


low-level input voltage, Vi,_ 


An input voltage level within the less positive (more negative) of the two ranges of values is used to represent 

the binary variables. 

NOTE: The most positive value of low-level input voltage is specified for which operation of the logic element within specification limits is 
assured. 


low-level output voltage, Vo. 


The voltage at an output terminal with input conditions applied that, according to the product specification, 
establishes a low level at the output. 


supply voltages, (Vcc= Vcc1); Vcc2; Vec3: Vpp; and VecstsBy 


The voltages supplied to the corresponding voltage pins that are required for the device to function. One to four 
of these supplies may be necessary, along with ground(s) (Vss= Vss1, Vsse, and Vss3). 
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Operating Conditions and Characteristics/Timing Conventions/Glossary 


time intervals 


New or revised data sheets in this book use letter symbols in accordance with standards recently adopted by 
JEDEC, the IEEE, and the IEC. Two basic forms of symbols are used. The first form is used usually when 
intervals can be classified easily as cycle, hold, setup, transition, valid, or delay times and for pulse durations. 
The second form can be used generally, but in this book the second form is primarily for time intervals not easily 
classifiable. The second (unclassified) form is described first. Since some manufacturers use this form for all 
time intervals, symbols in the unclassified form are given with the examples for most of the classified time 
intervals. 


unclassified time intervals 


Generalized letter symbols can be used to identify almost any time interval without classifying it using traditional 
or contrived definitions. Symbols for unclassified time intervals identify two signal events listed in from-to 
sequence using the format: 

t(AB-CD) 


Subscripts A and C indicate the names of the signals for which changes of state or level or establishment of 
state or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning and 
end of the time interval. 


Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals 
represented by A and C, respectively. One or two of the following is used: 


H = high or transition to high 
L = low or transition to low 
V =a valid steady-state level 
X = unknown, changing, or “don’t care” level 
Z = high-impedance (off) state 
The hyphen between the B and C subscripts is omitted when no confusion is likely to occur. 
classified time intervals 


Because of the information contained in the definitions, frequently the identification of one or both of the two 
signal events that begin and end the intervals can be shortened significantly compared to the unclassified forms. 
For example, it is not necessary to indicate in the symbol that an access time ends with valid data at the output. 
However, if both signals are named (e.g., in a hold time), the from-to sequence is maintained. 


cycle time 


The time interval between the start and end of a cycle. 
NOTE: For each cycle time (tg), the value given represents the minimum time interval required to complete one cycle of the given function 
(e.g., read, write, etc.) correctly. 


Example symbology: 


Classified Description 

to Cycle time, (SYSCLK) 
te(SPC) Cycle time, (SPICLK) 
te(SCC) Cycle time, (SCICLK) 
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Operating Conditions and Characteristics/Timing Conventions/Glossary 


hold time 


The time interval during which a signal is retained at a specified input terminal after an active transition occurs 
at another specified input terminal. 
NOTES: 1. Thehold time is the actual time interval between two signal events and is determined by the system in which the digital circuit 
operates. A minimum value is specified that is the shortest interval for which correct operation of the digital circuit is assured. 
2. The hold time can have a negative value in which case the minimum limit defines the longest interval (between the release 
of the signal and the active transition) for which correct operation of the digital circuit is assured. 


Example symbology: 


Classified Description 
th(EH-A) Hold time, address, R/W and OCF from EDS, CSE1, CSE2, CSH1, CSH2, 
CSHS8, and CSPF high 
th(EH-D)W Hold time, write data time from EDS high 
th(EH-D)R Hold time, read time from EDS high 
th(SCH-WT) Hold time, WAIT time from SYSCLK high 
th(AN) Hold time, analog input from start of conversion 


NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the classified form. In the case of hold times, 
this causes the order to seem reversed from what would be suggested by the terms. 


pulse duration (width) 


The time interval between the specified reference points on the leading and trailing edges of the pulse 
waveform. 


Example symbology: 


Classified Description 
tw(Cl) Pulse duration, XTAL2/CLKIN 
tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) 
tw(PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) 
tw(EPGM) Pulse duration, programming signal 
tw(SCL) Pulse duration, SYSCLK low 
tw(SCH) Pulse duration, SYSCLK high 
tw(SCCL) Pulse duration, SCICLK low 
tw(SCCH) Pulse duration, SCICLK high 
tw(SPCL) Pulse duration, SPICLK low 
tw(SPCH) Pulse duration, SPICLK high 
tw(S) Pulse duration, sample time per kilohm of source impedance 
tw Pulse duration, EDS, CSE1, CSE2, CSH1, CSH2, CSH3, and CSPF low 
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Operating Conditions and Characteristics/Timing Conventions/Glossary 


setup time 


The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal. 
NOTES: 1. Thesetuptimeis the actual time interval between two signal events and is determined by the system in which the digital circuit 
operates. A minimum value is specified that is the shortest interval for which correct operation of the digital circuit is assured. 
2. The setup time can have a negative value in which case the minimum limit defines the longest interval (between the active 
transition and the application of the other signal) for which correct operation of the digital circuit is assured. 


Example symbology: 


Classified Description 

tsu(D) Setup time, write data time to EDS high 
tsu(WT-SCH) Setup time, WAIT time to SYSCLK high 
tsu(RXD-SCCH) Setup time, SCIRXD to SCICLK high 
tsu(SOMI-SPCH) Setup time, SPISOMI to SPICLK high (polarity = 1) 
tsu(SIMO-SPCH) Setup time, SPISIMO to SPICLK high (polarity = 1) 
tsu(s) Setup time, analog to sample command 


transition times (rise and fall times) 


The time interval between two reference points (10% and 90% unless otherwise specified) on the same 
waveform that is changing from the defined low level to the defined high level (rise time) or from the defined high 
level to the defined low level (fall time). 


Example symbology: 


Classified Description 

tr Rise time 

tf Fall time 

tr(Cl) Rise time, XTAL2/CLKIN 

t(Cl) Fall time, XTAL2/CLKIN 
valid time 


@ General. The time interval during which a signal is (or should be) valid. 


@ Output data-valid time. The time interval in which output data continues to be valid following a change of 
input conditions that could cause the output data to change at the end of the interval. 


Example symbology: 


Classified Description 

ty(a) Valid time, address to EDS, CSE1, CSE2, CSH1, CSH2, CSH3 and CSPF low 
tv(SCCH-TXD) Valid time, SCITXD data valid after SCICLK high 

tv(SCCH-RXD) Valid time, SCIRXD data valid after SCICLK high 

tv(SPCH-SOMI) Valid time, SPISOMI data valid after SPICLK high (polarity = 1) 
tv(SPCH-SIMO) Valid time, SPISIMO data valid after SPICLK high (polarity = 1) 


tv(AB-CD) Supersedes the older form tpyx. 
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delay time 


The time interval between two signals identified in the description column of the example symbology to follow. 


Example symbology: 


Classified Description 

td(CIH-SCL) Delay time, XTAL2/CLKIN rise to SYSCLK fall 
td(CIH-SCH) Delay time, XTAL2/CLKIN rise to SYSCLK rise 

td(SCL-A) Delay time, SYSCLK low to address R/W and OCF valid 
ta(DZ-EL) Delay time, data bus high impedance to EDS low (read cycle) 
td(EH-D) Delay time, EDS high to data bus enable (read cycle) 
td(EL-DV)R Delay time, EDS low to read data valid 

td(EL-WTV) Delay time, EDS low to WAIT valid 

td(AV-DV)R Delay time, address valid to read data valid 

td(AV-WTV) Delay time, address valid to WAIT valid 

td(AV-EH) Delay time, address valid to EDS high (end of write) 
ta(SCCL-TXDV) Delay time, SCITXD valid after SCICLK low 
td(SPCL-SIMOV) Delay time, SPISIMO valid after SPICLK low (polarity = 1) 
td(SPCL-SOMIV) Delay time, SPISOMI valid after SPICLK low (polarity = 1) 


timing diagrams conventions 


Meaning 


Timing Diagram Symbol Input Forcing Functions Output Response Functions 


Must be steady high or low Will be steady high or low 


QE High-to-low changes permitted Will be changing from high to low sometime 
during designated intervals 

Re es Low-to-high changes permitted Will be changing from low to high sometime 
during designated intervals 


ONY OOK) Don’t care State unknown or changing 
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glossary 


absolute addressing mode: An addressing mode in which code or operands produce the actual address 
address: Any given memory location in which data can be stored or from which data can be retrieved 
addressing mode: The method by which an instruction calculates the location of its required data 


analog-to-digital converter (ADC): An 8-bit successive-approximation converter with internal sample-and-hold 
circuitry. Also referred to as ADC1, ADC2, or ADC3. ADC1 is an 8-channel ADC, except for the 40-pin 
TMS370Cx4x devices which have only four channels. ADC2 is a 4-channel ADC. And ADC3 is a 15-channel ADC. 


ANSIC: Aversion of the C programming language that conforms to the C standards defined by the American Na- 
tional Standards Institute 


archiver: A software program that allows the collection of several individual files into a single file called an archive 
library. The archiver also allows the addition, deletion, extraction, or replacement of members of the archive library. 


assembler: A software program that creates a machine-language program from a source file containing assembly 
language instructions, directives, and macro directives. The assembler substitutes absolute operation codes for 
symbolic operation codes, and absolute or relocatable addresses for symbolic addresses. 


assembly language: Asymbolic language that describes the binary machine code in a more readable form. Each 
of the 73 unique instructions of the TMS370 family converts to one machine operation. 


asynchronous-communications mode: An SCI mode that needs no synchronizing clock. This format consists 
of a start bit followed by data bits, an optional parity bit, and a stop bit. This format commonly is used with RS-232-C 
communications and PC serial ports. 


baud: The communication speed for serial ports; equivalent to bits per second 


BCD: Binary coded decimal. Each 4-bit nibble expresses a digit from O—9 and usually packs two digits to a byte, 
giving a range of 0-99. 


bit: Contraction of binary digit i.e.,a 1 ora 0. In electrical terms, the value of a bit can be represented by the pres- 
ence or absence of charge, voltage, or current. 


breakpoint, trace, and timing (BTT) features: A set of features supported by the BTT board (included with the 
XDS/22 emulation system). These features allow the setting of hardware breakpoints, collecting of trace samples, 
and performing timing analysis. 


buffer pointer: A 5-bit register in the PACT module peripheral frame that points to the next available location in 
the circular-capture buffer 


byte: A sequence of eight adjacent bits operated upon as a unit 
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C: Ahigh-level, general-purpose programming language that is useful for writing compilers and operating systems 
and for programming microprocessors 


C compiler: A program that translates C source statements into assembly language source statements 


capture register: A timer 2n register that is loaded with the 16-bit counter value on the occurrence of an external 
input transition. Either edge of the external input can be configured to trigger the capture. 


CDIP: Ceramic Dual In-Line Package 


CDT370: A low-cost code-development tool that is external to the target system and provides direct control over 
the TMS370 processor that is on the target system 


chip select: Forsome blocks of the TMS370 memory map, the most significant bits of the address are pre-decoded 
to activate chip-select signals. These chip-select signals allow the TMS370 to access external addresses with a 
minimum of external logic and to perform memory bank selection under software control. 


circular buffer: A variable length area in the PACT module dual-port RAM that stores the value of a PACT timer 
when a capture request is made. As new values are captured, they are put into successive locations in the buffer. 
When the buffer is full, the oldest captures are replaced with newer captures. 


CLCC: Ceramic Leaded Chip Carrier 


CMOS: Acomplementary MOS technology that uses transistors with electron (N-channel) and hole (P-channel) 
conduction 


code conversion utility: A software program that translates a COFF file into one of several standard ASCII hexa- 
decimal formats suitable for loading into an EPROM programmer 


COFF: Common Object File Format. An implementation of the object file format of the same name developed by 
AT&T. The TMS370 compiler, assembler, and linker use and generate COFF files. 


command/definition area: A variable length area in the PACT module dual-port RAM that is used to define the 
actions taken by the PACT module 


comment: A source statement (or portion of a source statement) that documents or improves the readability of a 
source file. Comments are not compiled, assembled, or linked; they have no effect on the object file. 


compare register: A timer 1 or timer 2n register that contains a value that is compared to the counter value. The 
compare function triggers when the counter matches the contents of the compare register. 


constant: A value that does not change during execution 


CPU: An8-bit register-oriented processor with a status register, program counter, and stack pointer. The TMS370 
CPU uses the register file, accessed in one bus cycle, as working registers. 


CSDIP: Ceramic Shrink Dual In-Line Package 


CSE1: Chip-Select Eighth 1. This signal selects the first bank of memory. It has the same timing as EDS. Setting 
this pin to a high-level general-purpose output disables the bank. 


CSE2: Chip-Select Eighth 2. This signal selects the second bank of memory. It has the same timing as EDS. Setting 
this pin to a high-level general-purpose output disables the bank. 


CSH1: Chip-Select Half 1. This signal selects the first bank of memory. It has the same timing as EDS. Setting this 
pin to a high-level general-purpose output disables the bank. 


CSH2: Chip-Select Half 2. This signal selects the second bank of memory. It has the same timing as EDS. Setting 
this pin to a high-level general-purpose output disables the bank. 


CSH3: Chip-Select Half 3. This signal selects the third bank of memory. It has the same timing as EDS. Setting this 
pin to a high-level general-purpose output disables the bank. 
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CSPF: Chip-Select Peripheral File. This signal has the same timing as EDS, but it goes active only during access 
to external frames of the peripheral field (locations 10COh — 10FFh). 


data: Any information stored in or retrieved from a memory device. 


debugger: A window-oriented software interface that helps the user to debug ’370 programs running on an 
emulator, CDT370, or design kit. 


dedicated-capture registers: Anareainthe PACT module dual-port RAM that stores the value of the default timer 
at the time of a specified edge on one of the PACT input-capture pins. Unlike the circular buffer, the location of 
the dedicated-capture register does not change. 


default timer (also hardware timer): A 20-bit hardware counter in the PACT module that is incremented by the 
PACT prescaled clock 


design kit: A low-cost tool that allows the user to analyze the hardware and software capabilities of the TMS370 
family. 


DIP: Dual In-line Package 


dual-port RAM: An area in RAM that can be read from and written to by both the TMS370 CPU and the PACT 
module. 


edge detection: A type of circuitry that senses an active pulse transition on a given timer input and provides ap- 
propriate output transitions to the rest of the module. The active transition can be configured to be low-to-high or 
high-to-low. 


EDS: External Data Strobe. This signal goes low during external-memory operations. The rising edge of EDS vali- 
dates the read-input data; the write data is available after the falling edge of EDS. 


EEPROM: Electrically Erasable Programmable Read-Only Memory. Memory that can be programmed and erased 
under direct program control. 


EPROM: Erasable Programmable Read-Only Memory. Memory that can be programmed under direct program 
control. 


Erase: Typically associated with EPROM and EEPROM. The procedure whereby programmed data is removed 
and the device returns to its unprogrammed state. 


ESD: Electrostatic discharge 


fully-static RAM: In a fully-static RAM, the periphery as well as the memory array is fully static. The periphery is 
therefore always active and ready to respond to input changes without the need of clocks. There is no precharge 
required for static periphery. 
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gang programmer: An interactive, menu-driven system that provides programming support for on-chip EEPROM 
or EPROM of the TMS370 microcontrollers in a production environment 


HALT mode: An operating mode that reduces operating power by stopping the internal clock, which stops proces- 
sing in all the modules. This is the lowest-power mode in which all register contents are preserved. 


IDLE mode: An operating mode in which the CPU stops processing and waits for the next interrupt. It is not a low- 
power mode. 


immediate operand: An operand whose actual constant value is specified in the instruction and placed after the 
opcode in the machine code 


index: An 8-bit unsigned number added to a base address to give a final address 


instruction: The basic unit of programming that causes the execution of one operation; consists of an opcode and 
operands, along with optional labels and comments 


interrupt: A signal to the CPU that stops the flow of a program and forces the CPU to execute instructions at an 
address corresponding to the source of the interrupt. When the interrupt is finished, the CPU resumes execution 
at the point where it was interrupted. 


isochronous: see isosynchronous-communications mode 


isosynchronous-communications mode: An SCI mode in which data transmission is synchronized by a clock 
signal (SCICLK) common to both the sender and receiver. The format is identical to the asynchronous mode and 
consists of a start bit, data bits, an optional parity bit, and a stop bit. 


K: When used in the context of specifying a given number of bits of information, 1K = 219 = 1024 bits. Thus, 
64K = 64 x 1024 = 65 536 bits. 


label: A symbol that begins in column 1 of a source statement and corresponds to the address of that statement. 


linker: Asoftware tool that combines object files to form an object module that can be allocated into system memory 
and executed by the devices 


LOW ADDR/HIADDR: External memory address bus. Output only. Port B is the low address, and Port C is the high 
address. 


low-power mode: An operating mode that reduces operating power by reducing or stopping the activity of various 
modules. There are two low-power modes: HALT and STANDBY. 
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LSB: Least significant bit 
LSbyte: Least significant byte 


machine code: The actual bytes read by the CPU during an instruction execution; usually read by a programmer 
as hexadecimal bytes 


mask-programmed read-only memory (Mask-ROM): A read-only memory in which the data content of each cell 
is determined during manufacture by the use of a mask, the data content thereafter being unalterable 


MC pin: Mode control pin. The pin that determines the operating mode of the TMS370 device, depending on the 
voltage applied to the pin. Twelve volts on the MC pin after reset places the processor in the write-protection over- 
ride (WPO) mode. 


memory: A medium capable of storing information that can be retrieved. 


memory map: A description of the addresses of the various sections and features of the TMS370 processor. The 
map depends on the operating mode. 


microcomputer mode with external expansion: An operating mode in which the address, control, and data 
memory extend off-chip to access external memory or peripherals 


microcomputer single-chip mode: An operating mode in which the device uses only on-chip memory 


microcontroller programmer: An interactive, menu-driven system that provides a method of programming 
TMS370 family devices and EPROMs directly or through an XDS™ 


microprocessor mode with internal-program memory: An operating mode in which the on-chip program 
memory is available to the processor 


microprocessor mode without internal-program memory: An operating mode in which the on-chip program 
memory is not available to the processor. The processor must have external memory. 


mini-SCI: The mini-UART function available in the PACT module. 

mnemonic: A symbol that represents the opcode part of an assembly language instruction. 
MSB: Most significant bit 

MSbyte: Most significant byte 


multiprocessor communications: An SCl format option that enables one processor to efficiently send blocks of 
data to other processors on the same serial link 


nested interrupts: The ability of an interrupt to suspend the service routine of a prior interrupt. Nested interrupts 
are implemented in TMS370 devices by executing an interrupt-service routine that uses the EINT, EINTL, or 
EINTH instructions to set the global-interrupt-enable bits in the status register. 


nonmaskable interrupt (NMI): An interrupt that causes the processor to execute the NMI routine. On TMS370 de- 
vices, INT1 can be configured as an NMI. 


nonreturn to zero (NRZ) format: A communication format in which the inactive state is a logic state 


nonvolatile memory: A memory in which the data content is maintained whether the power supply is connected 
or not 


XDS is a trademark of Texas Instruments Incorporated. 
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OCF: Opcode Fetch. Goes low at the beginning of amemory read operation that fetches the first byte of an instruc- 
tion. It then resumes its high level at the end of the opcode fetch(es). 


offset: A signed value that is added to the base operand to give the final address 


opcode: Operation code. The first byte of the machine code that describes to the CPU the type of operation and 
combination of operands. Some TMS370 instructions use 16-bit opcodes. 


operand: The part of an instruction that tells the programmer where the CPU will fetch or store data 


one-time programmable (OTP) read-only memory: a read-only memory that, after being manufactured, can 
have the data content of each memory cell altered once. Also referred to as OTP. 


Output Enable: A control input that, when true, permits data to appear at the memory output, and when false, 
causes the output to assume a high-impedance state. (See also chip select.) 


PACT: Programmable acquisition and control timer module. A timer coprocessor module for the TMS370 microcon- 
troller family. 


PDIP: Plastic Dual In-Line Package 


peripheral file (PF): The 128 or 256 bytes of memory, starting at 1000h, that contain the registers that control the 
on-board peripherals and system configuration 


peripheral-file frames: A set of sixteen contiguous peripheral file registers, usually related by function 
PLCC: Plastic Leaded Chip Carrier 


PPM: Pulse-position modulation. A serial signal in which the information is contained in the frequency of a signal 
with a constant-pulse width. By using the timer-compare features, a TMS370 device can output a PPM signal with 
a constant duty cycle without any program intervention. 


prescaler: A circuit that slows the rate of a clocking source to the counter. The timer 1 prescaler can slow the clock- 
ing source by a factor of 4, 16, 64, or 256. 


privilege mode: A mode immediately following reset in which the program can alter the privileged registers and ° 
bits. Once the privilege mode is disabled, these registers cannot be changed before another reset. This mode 
does not affect the EEPROM or the watchdog registers. 


program: Typically associated with EPROM and OTP memories, the procedure whereby logical Os (or 1s) are 
stored into various desired locations in a previously erased device 


program counter (PC): A CPU register that identifies the current statement in the program 


prototyping device: A device used before mask-ROM devices are available that has identical functions, pinout, 
size, and timings to those of the actual device. Programmable memory such as EEPROM or EPROM is used in 
place of the masked ROM. 


PSDIP: Plastic Shrink Dual In-Line Package 


pulse accumulation: A timer 1 or timer 2 mode that keeps a cumulative count of SYSCLK pulses gated by the 
T1EVT or T2EVT signal 


PWM: Pulse-width modulation. A serial signal in which the information is contained in the width of a pulse of a 
constant-frequency signal. By using the timer-compare features, a TMS370 device can output a PWM signal with 
a constant-duty cycle without any program intervention. 
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R/W: Read or Write operation. Goes high at the beginning of read operations and low during write operations. This 
line is active during both internal and external accesses. 


RAM: Random access memory 


ratiometric conversion: An analog-to-digital conversion in which the conversion value is a ratio of the Vper source 
to the analog input. As Vp_r is increased, the input voltage needed to give a certain conversion value changes; 
however, all conversion values keep the same relationship to Vrer. 


read: A memory operation whereby data is output from a desired address location 


read-only memory (ROM): Amemory in which the contents are not intended to be altered during normal operation. 
NOTE: Unless otherwise qualified, the term “read-only memory” implies that the contents are determined by its 
structure and are unalterable. 


referred timer: The timer that a PACT command uses for time comparisons. This is the last timer defined in the 
PACT command/definition area before the command was encountered, or if no timer has been defined, it is the 
least significant 16 bits of the hardware timer. 


register file (RF): The first 128 or 256 bytes of memory that can be accessed by the majority of the instructions 


relative-addressing mode: Anoperating mode in which operands and code produce an absolute address at some 
distance from the current location 


RESET pin: A pin that, when held low, starts hardware initialization and ensures an orderly software startup. If the 
MC pin is low when the RESET signal returns high, then the processor enters the microcomputer mode. If the MC 
pin is high when the RESET signal returns high, then it enters the microprocessor mode. 


ROM security: Inhibits the reading of the ROM using any programmer 


serial communications interface (SCI): Referred to as SCl1 or SCl2. SCI1 is a built-in serial interface that can 
be programmed to be asynchronous or isosynchronous. SCI2 is a built-in serial interface that can only be pro- 
grammed to be asynchronous. Many timing, data format, and protocol factors are programmable and controlled 
by the SCI module in operation. 


serial peripheral interface (SPI): A built-in serial interface that facilitates communication between networked mas- 
ter and slave CPUs. As in the SCI, the SPI is set up by software; from then on, the CPU takes no part in timing, 
data format, or protocol. 


signed integer: A number system used to express positive and negative integers 
SPI: Serial Peripheral Interface module 


stack: Thepartofthe register file used as last-in, first-out memory for temporary-variable storage. The stack is used 
during interrupts and calls to store the current program status. The area occupied by the stack is determined by 
the stack pointer and by the application program. 


stack pointer (SP): An 8-bit CPU register that points to the last entry or top of the stack. The SP is incremented 
automatically before data is pushed onto the stack and decremented after data is popped from the stack. 


standby RAM: Random-access memory which is powered through a separate power pin to protect the memory 
against power failures on the main power pin. 


STANDBY mode: A power reduction mode in which the CPU stops processing, but the on-chip oscillator remains 
active. Timers remain active and can cause the CPU to exit the STANDBY mode. 
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static RAM(SRAM): A read/write random-access device within which information is stored as latched voltage lev- 
els. The memory cell is a static latch that retains data as long as power is applied to the memory array. No refresh 
is required. The type of periphery circuitry sub-categorizes static RAMs. 


status register (ST): A CPU register that monitors the operation of the instructions and contains the global- 
interrupt-enable bits 


symbolic debugging: The ability of a software tool to retain symbolic information so that it can be used by a debug- 
ging tool such as an XDS/22, a design kit, or a CDT370 


symbol table: A portion of a COFF file that contains information about the symbols that are defined and used by 
the file 


SYSCLK: System Clock. This signal synchronizes external peripherals. It outputs one quarter of the crystal or ex- 
ternal oscillator frequency. 


T1: Timer 1 module contains a general-purpose timer and watchdog timer. Both timers allow program selection of 
input-clock source (real time, external event, or pulse accumulate) with multiple registers (input capture and 
compare) for special timer function control. 


T2A: Timer2A module is composed of a 16-bit resettable counter, 16-bit compare register with associated compare 
logic, a 16-bit capture register, and a 16-bit register that functions as a capture register in one mode and as a 
compare register in the other mode. 


T2B: Timer2B module is composed of a 16-bit resettable counter, 16-bit compare register with associated compare 
logic, a 16-bit capture register, and a 16-bit register that functions as a capture register in one mode and as a 
compare register in the other mode. 


time slots: The internal cycles in which the PACT module can make a 32-bit access to the dual-port RAM. Each 
command or definition requires one, two, or three time slots. The number of time slots available is a function of 
the PACT prescaled clock and the frequency of access to the dual-port RAM by the CPU. 


unsigned integer: A number system used to express positive integers 


very-large-scale integration (VLSI): The description of an IC technology that is much more complex than large- 
scale integration (LSI) and involves a much higher equivalent gate count. At this time an exact definition including 
a minimum gate count has not been standardized by JEDEC or the IEEE. 


virtual timer: An entry inthe PACT command/definition area that creates an independent time base that is increm- 
ented by the PACT prescaled clock and cleared upon reaching a maximum value that is set by this definition. 


volatile memory: A memory in which the data content is lost when the power supply is disconnected 
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WAIT pin: The pin that allows an external device to cause the processor to wait (holding the information on the ex- 
pansion bus) for an indefinite number of clock cycles (one or more extra clockout cycles). When the wait line is 
released, the processor resynchronizes with the rising edge of the clockout signal (CLKOUT) after EDS goes ac- 
tive and continues with the program. 


wait states, automatic: Extra clock cycles inserted automatically on every external-memory access to accommo- 
date peripherals or expansion memory with slower access time than the TMS370 processor. These wait states 
are governed by two control bits: PF AUTOWAIT (SCCRO0.5) and AUTOWAIT DISABLE (SCCR1.4). 


watchdog (WD)timer: Atimer option that can be programmed to generate an interrupt when it times out. This func- 
tion serves as a hardware monitor over the software to prevent a “lost” program and is available in both the 
timer 1 and PACT modules. If timer 1 does not need a watchdog, this timer can be used as a general-purpose 
timer. 


write: A memory operation whereby data is written into a desired address location 


Write Enable: Acontrol signal that when true causes the memory to assume the write mode, and when false causes 
it to assume the read mode 


write-protect override (WPO): The only mode in which a TMS370 device can modify the on-board EEPROM. The 
WPO mode is entered when external circuitry applies 12 V to the MC pin after the device has been reset into one 
of its normal operating modes. 


XDS/22: Acode-development tool that is external to the target system and provides direct control over the TMS370 
processor that is on the target system 
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— Two Software-Programmable Interrupt 
Levels 


— Global- and Individual-interrupt Masking 


— Programmable Rising or Falling Edge 
Detect 
— Individual Interrupt Vectors 


TMS370Cx0x 
8-BIT MICROCONTROLLER 


SPNS029B — SEPTEMBER 1995 — REVISED MARCH 1996 


@ CMOS/EEPROM/EPROM Technologies on FZ AND FN PACKAGES 
a Single Device (TOP VIEW) 
— Mask-ROM Devices for High-Volume “ ui 
Production Sst kevin 
— One-Time-Programmable (OTP) EPROM soe Cer foe Fome Ym 
Devices for Low Volume Production rave ticles sc sai aches 
— Reprogrammable EPROM Devices for Senate ” a Ye 
Prototyping Purposes A6 []7 23 |] SCIRXD 
@ Internal System Memory Configurations A5 |] 8 22 LJ TIIC/CR 
— On-Chip Program Memory Versions a 21 ae 
— ROM: 8K Bytes pa mis jp 
— EPROM: 8K Bytes 
— Data EEPROM: 256 Bytes 
— Static RAM: 256 Bytes Usable as ee eae Oe 
Registers 
@ Flexible Operating Features Serial Communications Interface 1 (SCI1) 
— Low-Power Modes: STANDBY and HALT — Asynchronous Mode: 156K bps 
— Commercial, Industrial, and Automotive Maximum at 5 MHz SYSCLK 
Temperature Ranges — lsosynchronous Mode: 25M bps 
— Clock Options Maximum at 5 MHz SYSCLK 
— Divide-by-4 (0.5 to 5 MHz SYSCLK) — Full Duplex, Double-Buffered Receiver 
— Divide-by-1 (2 to 5 MHz SYSCLK) (RX) and Transmitter (TX) 
Phase-Locked Loop (PLL) — Two Multiprocessor Communication 
— Supply Voltage (Vcc) 5 V 10% Formats 
@ 16-Bit General-Purpose Timer TMS370 Series Compatibility 
— Software Configurable as — Register-to-Register Architecture 
a 16-Bit Event Counter, or — 256 General-Purpose Registers 
a 16-Bit Pulse Accumulator, or — 14 Powerful Addressing Modes 
a 16-Bit Input Capture Functions, or — Instructions Upwardly Compatible With 
Two Compare Registers, or a All TMS370 Devices 
Self-Contained Pulse-Width-Modulation CMOS/TTL Compatible I/O Pins/Packages 
(PWM) Function — All Peripheral Function Pins Software 
— Software Programmable Input Polarity Configurable for Digital 1/O 
— Eight-Bit Prescaler, Providing a 24-Bit — 21 Bidirectional Pins, 1 Input Pin 
Real-Time Timer — 28-Pin Plastic and Ceramic Leaded Chip 
@ On-Chip 24-Bit Watchdog Timer Carrier Packages 
— EPROM/OTP Devices: Standard Workstation/Personal Computed-Based 
Watchdog Development System 
— Mask-ROM Devices: Hard Watchdog, — C Compiler and C Source Debugger 
Simple Counter, or Standard Watchdog — Real-time In-Circuit Emulation 
@ Flexible Interrupt Handling — Extensive Breakpoint/Trace Capability 


Multi-Window User Interface 
Microcontroller Programmer 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 
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Pin Descriptions 


28 PINS 
LCC ot DESCRIPTION 
AO 14 


13 
11 
10 


1/O | Port Ais a general-purpose bidirectional |/O port. 


Port D is a general-purpose bidirectional |/O port. D3 is also configurable as SYSCLK. 


External interrupt (non-maskable or maskable) / general-purpose input pin 
External maskable interrupt input/ general-purpose bidirectional pin 
External maskable interrupt input/ general-purpose bidirectional pin 


T1IC/CR 
T1PWM 
TIEVT 


SCITXD SCI transmit data output pin, general-purpose bidirectional pint 
SCIRXD SCI receive data input pin/ general-purpose bidirectional pin 
SCI bidirectional serial clock pin/ general-purpose bidirectional pin 


Timer1 input capture/counter reset input pin /general-purpose bidirectional pin 
Timer1 PWM output pin/general-purpose bidirectional pin 
Timer1 external event input pin/ general-purpose bidirectional pin 


System reset bidirectional pin; as input pin, RESET initializes the microcontroller; as open-drain output, 


RESET indicates that an internal failure was detected by watchdog or oscillator fault circuit. 


Mode control input pin; enables EEPROM write protection override (WPO) mode, also EPROM Vpp 


Internal oscillator crystal input/External clock source input 
Internal oscillator output for crystal 


XTAL2/CLKIN pages 
XTAL1 

ane 
T | = input, O = output 


+ The three-pin SCI configuration is referred to as SCI1. 
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XTAL2/ 
INT1 INT2 INT3 XTAL1 CLKIN MC RESET 


Clock Options: 
Interrupts Divide-By-4 Or 
Divide-By-1 (PLL) 


System 


Control 


Serial = SCIRXD 
a Communications ie SCITXD 
RAM Interface 1 SCICLK 
256 Bytes 
Program Memory 
ROM: 8K Bytes Data EEPROM 
EPROM: 8K Bytes 0 or 256 Bytes 
: boa T1IC/CR 
ae TIEVT 
TiIPWM 
Watchdog 
= Vec 
~ Ygs 


description 


The TMS370C002, TMS370C302, TMS370C702, and SE370C702 devices are members of the TMS370 family 
of single-chip 8-bit microcontrollers. Unless otherwise noted, the term TMS370CxOx refers to these devices. 
The TMS370 family provides cost-effective real-time system control through integration of advanced peripheral 
function modules and various on-chip memory configurations. 


The TMS370Cx0x family of devices is implemented using high-performance silicon-gate CMOS EPROM and 
EEPROM technologies. Low-operating power, wide-operating temperature range, and noise immunity of 
CMOS technology coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370Cx0x devices attractive in system designs for automotive electronics, industrial motors, computer 
peripheral controls, telecommunications, and consumer applications. 


All TMS370Cx0x devices contain the following on-chip peripheral modules: 
@ Serial communications interface 1 (SCI1) 

@ One 16-bit general-purpose timer with an 8-bit prescaler 

@® One 24-bit general-purpose watchdog timer 


Table 1 provides a memory configuration overview of the TMS370Cx0x devices. 
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description (continued) 


Table 1. Memory Configurations 


PROGRAM MEMORY DATA MEMORY 
DEVICE (BYTES) (BYTES) 28-PIN PACKAGE 
ROM EPROM RAM EEPROM 


mn | «x |. - | oe © oe ieee 

oe a a Ca ee ES Ee ee ea 
Ph a eee eee 
ape et Gaede oe ee 


TMS370C702 FN — PLCC 
SE370C702T FZ-—CLCC 


Tt System evaluators and development are for use only in prototype environment and their reliability has not been characterized. 


The suffix letter (A) appended to the device name (shown in the first column of Table 1) indicates the 
configuration of the device. ROM and EPROM devices have different configurations as indicated in Table 2. 
ROM devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 2. Suffix Letter Configuration 


DEVICE WATCHDOG TIMER CLOCK LOW-POWER MODE 
EPROM without A Divide-by-4 (standard oscillator) Enabled 


Divide-by-4 or 
ROM A Bivide-ty- 1 (PL) Enabled or disabled 
| 


The 8K bytes of mask-programmable ROM in the associated TMS370Cx0x devices are replaced in the 
TMS370C702 with 8K bytes of EPROM. All other available memory and on-chip peripherals are identical, with 
the exception of no data EEPROM on the TMS370C302 devices. The one-time programmable (OTP) 
(TMS370C702) device and reprogrammable device (SE370C702) are available. 


TMS370C702 OTP devices are available in plastic packages. This microcontroller is effective to use for 
immediate production updates for other members of the TMS370CxO0x family or for low-volume production runs 
when the mask charge or cycle time for low-cost mask ROM devices is not practical. 


The SE370C702 has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development-prototyping phase of design. The SE370C702 devices allow quick updates to 
breadboards and prototype systems while iterating initial designs. 


The TMS370Cx0x family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator and the general purpose timer remain active. In the HALT mode, 
all device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370Cx0x features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx0x family is fully 
instruction-set-compatible, providing easy transition between members of the TMS370 8-bit microcontroller 
family. 


The TMS370Cx0x devices have two operational modes of serial communications provided by the SCI1 module. 
The SCI1 allows standard RS-232-C communications with other common data transmission equipment. 
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description (continued) 


The TMS370Cx0x family provides the system designer with an economical, efficient solution to real-time control 
applications. The TMS370 family extended development system (XDS™) and compact development tool 
(CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370Cx0x into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C-language, and the output code can be generated by the linker. The TMS370 family 
XDS development tool communicates through a standard RS-232-C interface with an existing personal 
computer. This allows the use of the personal computer editors and software utilities already familiar to the 
designer. The TMS370 family XDS emphasizes ease-of-use through extensive menus and screen windowing 
so that a system designer with minimal training can begin developing software. Precise real-time in-circuit 
emulation and extensive symbolic debug and analysis tools ensure efficient software and hardware 
implementation as well as reduced time-to-market cycle. 


The TMS370Cx0x family together with the TMS370 family XDS/22, CDT370, design kit, starter kit, software 
tools, the SE370C712 reprogrammable devices, comprehensive product documentation, and customer 
support provide a complete solution to the needs of the system designer. 


central processing unit (CPU) 


X 


The CPU used on the TMS370Cx0x device is the high-performance 8-bit TMS370 CPU module. The ’x0x 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’x0x instruction map is shown in Table 15 in the TMS370CxOx instruction set overview 
section. 


The ’370Cx0x CPU architecture provides the following components: 
CPU registers: 


@ A stack pointer that points to the last entry in the memory stack 
@ Astatus register that monitors the operation of the instructions and contains the global interrupt enable bits 
@ A program counter (PC) that points to the memory location of the next instruction to be executed 


Figure 1 illustrates the CPU registers and memory blocks. 


DS and CDT are trademarks of Texas Instruments Incorporated. 
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central processing unit (CPU) (continued) 


15 ee Counter 0 


7 Stack Pointer (SP) 0 Legend: 


bein nee NeNegal 
N=Negative 


Status eae " eareale ales 
Po [Nn [z |v jie2|ie1| — |—| 1E2=Level 2 interrupts Enable 


tg Be i ge ee IE1=Level 1 interrupts Enable 
OOFFh 


256-Byte RAM (0000h - OOFFh) 
0100h 
OORn 
Peripheral File 1010h 


105Fh 
1060h 


RAM (Includes 256-Byte Registers File) 
0000h 


0000h 


0001h 


0002h 
Reserved 
0003h 


1EFFh 
1F00h 
1FFFh 
2000h 
5FFFh 
6000h 


256-Byte Data EEPROM 
Not Availablet 


007Fh 


8K-Byte ROM/EPROM (6000h-7FFFh) 


Interrupts and Reset Vectors; Li, od 
patie Trap Vectors 7FFFh 


T Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


A 


Figure 1. Programmer’s Model 


memory map that includes: 


@ 256-byte general-purpose RAM that can be used for data memory storage, program instructions, 
general-purpose register, or the stack 

@ A peripheral file that provides access to all internal peripheral modules, system-wide control functions and 
EEPROM/EPROM programming control 

@ 256-byte EEPROM module that provides in-circuit programmability and data retention in power-off 
conditions 

@ 8K-byte ROM or 8K-byte EPROM program memory 

stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. The stack is used 


typically to store the return address on subroutine calls as well as the status-register contents during interrupt 
sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 


onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 
on-chip RAM memory. 


4-8 


bal TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx0x 
8-BIT MICROCONTROLLER 


SPNS029B — SEPTEMBER 1995 — REVISED MARCH 1996 
central processing unit (CPU) (continued) 


status register (ST) 


The ST monitors the operation of the instructions and contains the global-interrupt-enable bits. The ST register 
includes four status bits (condition flags) and two interrupt-enable bits: 


® The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional jump instructions) use the status bits to determine program flow. 


@ The two interrupt enable bits control the two interrupt levels. 


The ST register, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Registers (ST) 


SS Se 
RW-0 RW-0O 


RW-0 RW-0O RW-0 


R = read, W = write, 0 = value after reset 
program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most significant byte and least significant byte of a 16-bit address. 


During reset, the contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
6000h as the contents of the reset vector. 

Program Counter (PC) 


Memory PCH PCL 


oe Bisa. nea Oiha Sees 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx0x architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. As shown in Figure 3, the TMS370Cx0x provides memory-mapped RAM, ROM, Data 
EEPROM, input/output pins, peripheral functions, and system interrupt vectors. 


The peripheral file contains all input/output port control, peripheral status and control, EEPROM, EPROM, and 
system-wide control functions. The peripheral file is located between 1010h to 105Fh and is divided logically 
into five peripheral-file frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through 
which peripheral control and data information is passed. 
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central processing unit (CPU) (continued) 


Peripheral File Control Registers 


System Control 
Digital Port Control 


sige 256-Byte RAM 


(Register File/Stack) 


OOFFh 

0100h Timer 1 Peripheral Control 
Reservedt SCI1 Peripheral Control 

100Fh 

1010h 


Peripheral File 


256-Byte Data EEPROM 


105Fh 
1060h 


1EFFh 


1FO00h 
Vectors 


Trap 15-0 


1FFFh 
2000h 


Not Availablet 


phe Serial Communications Interface TX | 7FFOh—7FFih 
7000 Serial Communications Interface RX | 7FF2h—7FF3h 


8K-Byte ROM/EPROM 


77FFh (6000h—7FFFh) 


7800h 
7FBFh 
7FCOh 


7FFFh 
8000h 


Interrupts and Reset Vectors; 
Trap Vectors 


Not Availablet 


FFFFh 


T Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


Figure 3. TMS370Cx0x Memory Map 
RAM/register file (RF) 


Locations within the RAM adcress space can serve as the RF, general-purpose read/write memory, program 
memory, or the stack instructions. The TMS370Cx0Ox devices contain 256 bytes of internal memory-mapped 
RAM beginning at location 0000h (RO) and continuing through location OOFFh (R255) which is shown in 


Figure 1. 


The first two registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 


peripheral file (PF) 


The TMS370CxO0x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decima! designator. For example, the system control register 0 (SCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is P010, and its decimal designator is P16. Table 4 


shows the TMS370Cx0Ox PF address map. 
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peripheral file (PF) (continued) 


Table 4. TMS370Cx0x Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


data EEPROM 


The TMS370Cx0x devices, containing 256 bytes of data EEPROM, have their memory mapped beginning at 
location 1FOOh and continuing through location 1FFFh. Writing to the data EEPROM module is controlled by 
the data EEPROM control register (DEECTL) and the write-protection register (WPR). Programming algorithm 
examples are available in the TMS370 Family User’s Guide (literature number SPNU127) or the TMS370 
Family Data Manual (literature number SPNS014B). The data EEPROM features include the following: 


® Programming: 
—  Bit-, byte-, and block-write/erase modes 
— Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the DEECTL located in the PF frame 
beginning at location PO1A. See Table 5. 


—  In-circuit programming capability. There is no need to remove the device to program. 
@ Write protection. Writes to the data EEPROM are disabled during the following conditions. 

— Reset. All programming of the data EEPROM module is halted. 

— Write protection active. There is one write-protect bit per 32-byte EEPROM block. 

— Low-power mode operation 


® Write protection can be overridden by applying 12 V to MC. 


Table 5. Data EEPROM and Program EPROM Control Registers Memory Map 


[appress | symeou [SCONE 
pe | eee 
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program EPROM 


The TMS370C702 device contains 8K bytes of EPROM, mapped, at location 6000h and continuing through 
location 7FFFh as shown in Figure 3. Memory addresses 7FFOh through 7FFFh are reserved for interrupt and 
reset vectors. Trap vectors, used with TRAPO through TRAP15 instructions, are located between addresses 
7FCOh and 7FDFh. Reading the program EPROM modules is identical to reading other internal memory. During 
programming, the EPROM is controlled by the EPROM control register (EPCTL). The program EPROM module 
features include: 


@ Programming 
—  In-circuit programming capability if Vpp is applied to MC 


— Control register: EPROM programming is controlled by the EPROM control register (EPCTL) located in 
the peripheral file (PF) frame at location PO1Ch as shown in Table 5. 


@ Write protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset halts all programming to the EPROM module. 
— Low-power modes 
—- 13 V not applied to MC 


program ROM 


The program read-only memory (ROM) consists of 8K bytes of mask-programmable ROM. The program ROM 
is used for permanent storage of data or instructions. Memory addresses 7FFOh through 7FFFh are reserved 
for interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP‘15 instructions, are located 
between addresses 7FCOh and 7FDFh. Programming of the mask ROM is performed at the time of device 
fabrication. Refer to Figure 3 for ROM memory map. 


system reset 


The system reset operation ensures an orderly start-up sequence for the TMS370Cx0x CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
internally generated, while one (RESET pin) is controlled externally. These actions are as follows: 


@ External RESET pin. A low-level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 Family User’s Guide (literature number SPNU127) for more information. 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer times out . See the TMS370 
Family User’s Guide (literature number SPNU127) for more information. 


® Oscillator reset. Reset occurs when the oscillator operates outside the recommended operating range. See 
the TMS370 Family User’s Guide (literature number SPNU127) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x0x device to reset external system components. Additionally, if a cold start (Vcc is off 
for several hundred milliseconds) condition or oscillator failure occurs or the RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator fault flag (OSC FLT FLAG, SCCR0O.4), the cold start flag 
(COLD START, SCCRO.7), and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 6 lists the reset sources. 
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system reset (continued) 


Table 6. Reset Sources 


[REGISTER [ ADDRESS [PF | BITNO, | CONTROLET | SOURCEOFRESET 


Once a reset is activated, the following sequence of events occurs: 
1. The CPU registers are initialized: ST = 00h, SP = Oth (reset state). 


2. Registers A and B are initialized to OOh (no other RAM is changed). 

3. The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
4. The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 
5. Program execution begins with an opcode fetch from the address pointed to the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


When an external reset circuit is connected to the RESET pin, the pin must be held low until the clock signal 
is valid and Vcc is within the operating range. Figure 4 shows a typical reset circuit. 


Vcc To Other Device Resets 


TMS370 


Reset In 


¢- Reset Out 


Figure 4. Typical Reset Circuit 
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interrupts 


The TMS370 family software programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global-interrupt mask bits (IE1 and IE2) of 
the status register. 


EXT INT 3 


EXT INT 2 


INT3 PRI 
TIMER1 


Overflow ees 
Compare1 ie a 
Ext Edge oe 


Com 


O 
INT2 PRI 


EXT INT1 


Priority 
Logic 


Level 1 INT 


Level 2 INT 


© 
RXPRI 


RXRDY .~ 


Figure 5. Interrupt Control 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is configured selectively on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
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interrupts (continued) 


chains is performed within the peripheral modules to support interrupt expansion for future modules. 
Pending-interrupts are serviced upon completion of current instruction execution, depending on their interrupt 
mask and priority conditions. 


The TMS370Cx0x has six hardware system interrupts (plus RESET) as shown in Table 7. Each system interrupt 
has a dedicated vector located in program memory through which control is passed to the interrupt service 
routines. A system interrupt can have multiple interrupt sources. All of the interrupt sources are individually 
maskable by local interrupt enable control bits in the associated peripheral file. Each interrupt source FLAG bit 
is individually readable for software poiling or for determining which interrupt source generated the associated 
system interrupt. 


Three of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are 
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input 
polarity (rising or falling edge) for ease of system interface. External interrupt INT1 is software configurable as 
either a maskable or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked 
by the individual- or global-enable-mask bits. The INT 1 NMI bit is protected during non-privileged operation and, 
therefore, should be configured during the initialization sequence following reset. To maximize pin flexibility, 
external interrupts INT2 and INT3 can be software-configured as general-purpose input/output pins if the 
interrupt function is not required (INT1 can be similarly configured as an input pin). 


Table 7. Hardware System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 


External RESET COLD START 
Watchdog Overflow WD OVREFL INT FLAG RESETt 7FFEh, 7FFFh 
Oscillator Fault Detect OSC FLT FLAG 


External INT1 INT1 FLAG INT14 7FFCh, 7FFDh 
External INT2 INT2 FLAG INT2t 7FFAh, 7FFBh 
External INT3 INT3 FLAG INT3t 7FF8h, 7FF9h 

Timer 1 Compare 1 

Timer 1 Compare 2 

Timer 1 External Edge 

Timer 1 Input Capture 1 

SCI RX Data Register Full RXRDY FLAG 

SCI RX Break Detect BRKDT FLAG RXINT# 7FF2h, 7FFSh 

SCI TX Data Register Emp TXRDY FLAG TXINT 7FFOh, 7FFih 
t Relative priority within an interrupt level 
+ Release microcontroller from STANDBY and HALT low-power modes. 


Timer 1 Overflow T1 OVRFL INT FLAG 
T1INTS 7FF4h, 7FF5h 
Watchdog Overflow WD OVREL INT FLAG 
§ Release microcontroller from STANDBY low-power mode. 


privileged operation and EEPROM write protection override 


The TMS370Cx0x family has significant flexibility to enable the designer to software configure the system and 
peripherals to meet the requirements of a variety of applications. The nonprivileged mode of operation ensures 
the integrity of the system configuration, once it is defined for an application. Following a hardware reset, the 
TMS370CxOx operates in the privileged mode, where all peripheral file registers have unrestricted read/write 
access, and the application program configures the system during the initialization sequence following reset. 
As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is set to 1 to enter the 
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nonprivileged mode, thus disabling write operations to specific configuration control bits within the peripheral 
file. Table 8 lists the system configuration bits which are write-protected during the nonprivileged mode and must 
be configured by software prior to exiting the privileged mode. 


Table 8. Privileged Bits 


REGISTERT 


CONTROL BIT 
P010.5 PF AUTO WAIT 
SCCRO P010.6 OSC POWER 
Ae PO11.2 MEMORY DISABLE 
P011.4 AUTOWAIT DISABLE 


PRIVILEGE DISABLE 
INT1 NMI 

CPU STEST 

BUS STEST 


PWRDWN/ IDLE 
HALT/STANDBY 


SCI ESPEN 
SCIRX PRIORITY 
SCITX PRIORITY 
SCI STEST 


PO4F.6 T1 PRIORITY 
PO4F.7 T1 STEST 


t The privileged bits are shown in a bold typeface in Table 10. 


The write protect override (WPO) mode is an external hardware method of overriding the write protection 
registers (WPR) of data EEPROM on the TMS370Cx0x. WPO mode is entered by applying a 12-V input to the 
MC pin after the RESET pin input goes high (logic 1). The high voltage (+ 12 V) on the MC pin during the WPO 
mode is not the programming voltage for the data EEPROM or program EPROM. All EEPROM programming 
voltages are generated on-chip. The WPO mode provides hardware system level capability to modify the 
content of data EEPROM while the device remains in the application but only while requiring a 12-V external 
input on the MC pin (normally not available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370Cx0x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls the low-power mode selection. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity stops; 
however, the oscillator, internal clocks, timer 1 and the receive-start bit detection circuit of the serial 
communications interface remain active. System processing is suspended until a qualified interrupt (hardware 
RESET, external interrupt on INT1, INT2, INTS3, timer 1 interrupt, or low level on the receive pin of the SCI1) is 
detected. 


sal TEXAS 
INSTRUMENTS 


4-16 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx0x 
8-BIT MICROCONTROLLER 


SPNS029B — SEPTEMBER 1995 — REVISED MARCH 1996 
low-power and IDLE modes (continued) 


In the HALT mode (HALT/STANDBY = 1), the TMS370CxOx is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET, external interrupt on the INT1, INT2, INT3, or low level 
on the receive pin of the SCI1) is detected. The power-down mode selection bits are summarized in Table 9. 


Table 9. Low-Power/idle Control Bits 


(SCCR2.6) (SCCR2.7) 
mina ON ares 
Se aie a ae | ee 
See Seas 
t Don’t care 


1 
IDLE 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits are ignored. In addition, if an idle instruction executes when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI is generated always, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (Stack pointer, program counter, and status register), |/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU instruction processing stops during the STANDBY 
and HALT modes, the clocking of the watchdog timer is inhibited. 


clock modules 


The ’x0x family provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 microcontroller. The ’x0x ROM-masked devices offer both options to meet 
system engineering requirements. Only one of the two clock options is allowed on each ROM device. The 702A 
EPROM has only the divide-by-4. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 clock module option provides a one-to-one match of the external resonator frequency (CLKIN) 
to the internal system clock (SYSCLK) frequency, whereas the divide-by-4 option produces a SYSCLK which 
is one-fourth of the frequency of the external resonator. Inside of the divide-by-1 module, the frequency of the 
external resonator is multiplied by four, and the clock module then divides the resulting signal by four to provide 
the four-phased internal system clock signals. The resulting SYSCLK is equal to the resonator frequency. 
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clock modules (continued) 


These are formulated as follows: 


external resonator frequency _ CLKIN 


Divide-by-4 : SYSCLK = A 4 


external resonator frequency x 4 
4 


The main advantage of choosing a divide-by-1 oscillator is the improved EMI performance. The harmonics of 
low-speed resonators extend through less of the emissions spectrum than the harmonics of faster resonators. 
The divide-by-1 option provicles the capability of reducing the resonator speed by four times, resulting in a 
steeper decay of emissions produced by the oscillator. 


Divide-by-1 : SYSCLK = = CLKIN 


system configuration registers 


Table 10 contains system configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in a bold typeface and shaded areas. 


Table 10. Peripheral File Frame 1: System Configuration Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
COLD Osc PF AUTO OSC FLT MC PIN MC PIN uP/uC SCCRO 
START POWER WAIT Bie WPO DATA MODE 

| a MEMORY 
HALT/ PWRDWN/ BUS CPU INT1 PRIVILEGE SCCR?2 
STANDBY IDLE _STEST STEST NMI DISABLE 
Reserved 

INT1 INT1 INT1 INT1 INT1 INT4 
FLAG PIN DATA POLARITY | PRIORITY ENABLE 

INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 

INT3 INT3 INT3 INT3 INTS3 INT3 INT3 INT3 
FLAG PIN DATA aaa DIR DATA OUT | POLARITY | PRIORITY ENABLE 

[| ae__| wiwo | exe | beecT: 
on 


Reserved 
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digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 11 shows the specific 
addresses, registers, and control bits within this peripheral file frame. 


Table 11. Peripheral File Frame 2: Digital Port Control Registers 


REG 
APORT1 
APORT2 
ADATA 
ADIR 


DPORT1 
DPORT2 
DDATA 
DDIR 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


Table 12. Port Configuration Register Setup 


abcd abcd 
set 00q1 OO0yO 


a = Port x Control Register 1 
b = Port x Control Register 2 
c = Data 
d = Direction 
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programmable timer 1 


The programmable Timer 1 (11) module of the TMS370CxOx provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers (T1 and WD) allow program selection of input clock 
sources (real-time, external event, or pulse accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The timer 1 module includes three external device pins that can be 
used for multiple counter functions (operation mode dependent) or used as general-purpose I/O pins. The T1 
module block diagram is shown in Figure 6. 


T1IC/CR Edge 16-Bit 
| Select Capt/Comp 


Register 


16-Bit aaah 
Counter ce 


: 16-Bit 
Compare Interrupt 
8-Bit Register Logic 


Interrupt 
Logic 


Prescaler 


16-Bit 
Watchdog Counter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins 
— T11IC/CR: Timer 1 input capture / counter reset input pin, or general-purpose bidirectional 1/O pin 
— T1PWM: Timer 1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional |/O pin 
— T1EVT: Timer 1 event input pin, or general-purpose bidirectional I/O pin 
@ Two operation modes: 
— Dual-compare mode: Provides PWM signal 
— Capture/compare mode: Provides input capture pin 
@ One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register. 


@ One 16-bit watchdog counter can be used as an event counter, a pulse accumulator, or an interval timer 
if watchdog feature is not needed. 


@ Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 
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programmable timer 1 (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC1/CR) 


@ Interrupts that can be generated on the occurrence of: 
— Acapture 
— Acompare equal 
— Acounter overflow 
— Anexternal edge detection 
@ Sixteen timer 1 module control registers located in the PF frame beginning at address P040. 


The T1 module control registers are illustrated in Table 13. 
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programmable timer 1 (continued) 


Table 13. Timer 1 Module Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Modes: Dual-Compare and Capture/Compare 
Bit 15 T1Counter MSbyte Bit8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit O 
Bit 15 Compare Register MSbyte Bit8 | T1C 
Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit8 | T1CC 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Watchdog Counter MSbyte Bit8 | WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit 0 
Bit 7 Watchdog Reset Key BitO | WORST 


WD OVRFL | WD INPUT | WD INPUT | WD INPUT T1 INPUT T1 INPUT T1 INPUT 
TAP SELt | SELECT2T | SELECT1T | SELECToT SELECT2 | SELECT1 SELECTO 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL Ei 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 T1C1 T1C2 T1C1 T1iCR T1EDGE TiCR TIEDGE 
MODE=0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY | RST ENA DET ENA 
Mode: Capture/Compare 
T1EDGE T1C1 T1EDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 TIEDGE TIEDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Modes: Dual-Compare and Capture/Compare 
TIEVT TEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
TIPWM T1PWM T1PWM TIPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
T1 


t Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to the simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 


PF REG 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


PO049 T1ICTL1 


PO4A TICTL2 


P04B TICTL3 


P04C TICTL4 


PO4B TICTL3 


POAC T1CTL4 


P04D T1PC1 


PO4E T1PC2 


PO4F T1PRI 
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programmable timer 1 (continued) 


Figure 7 shows the timer 1 capture/compare mode block diagram. The annotations on the diagram identify the 


register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in 
the T1CTL2 register. 


T1CC.15-0 
Cucetarne ae T1C1 
eee Register MSB OUT ENA - T1PC2.7-4 
Source . T1CTL4.6) | 3 <TiPwH> 
° 
i= 
T1CNTR. 15-0 
LSB 16-Bit 
MSB Counter T1 PRIORITY 


= 


= Reset 
Ti SW 


T1C.15-0 
RESET 
16-Bit LSB 
T1CTL2.0 T1C1 Compare 


RST ENA 


Register MSB 


T1 OVREL INT FLAG 


T1 OVRFL INT ENA 


T1PC2.3-0 
T1EDGE DET ENA 


& 


T1EDGE POLARITY 


T1EDGE INT FLAG 


Crrem13.7}C 


T1EDGE INT ENA 


Figure 7. Capture/Compare Mode 
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programmable timer 1 (continued) 


Figure 8 shows the timer 1 dual-compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in 
the Ti1CTL2 register. 


16-Bit jsp} |T1C2 INT FLAG 
Capt/Comp 
Prescaler Register MSB T1CTL3.6 Output 


Clock 


Source | 


TICNTR.15-0 


TICTL3.1 Enable 


T1C2 INT ENA 


T1CTL4.5 


T1PC2.7-4 


| @ e 
tee T1C2 OUTENA | | 
msp Counter T1C1 INT FLAG TICTL4.6) | D TIPWM 

TICTL3.5}-O O k 
nee TiCTL3.0) T1C1 OUT ENA 
dni T1C1 TiC 15-0 oI TICTL4.3 
RESET RST ENA oe ee T1C1 INT ENA 
bd =) | 
TICTL2.0 Fieri s Compare T1CR OUT ENA 
Register MSB 

B S 

ole & Ti OVRFL INT FLAG 
TICTL4.1 

TiCR 


T1PC2.3-0 RST ENA ee 


T1 OVRFL INT ENA 


Edge Ce 
Select = _T1 PRIORITY o — 
TICIL4.0 TIPRI.6) C eve 
T1EDGE DET ENA OS 
TICTL4.2 «| 
TIEDGE POLARITY FICTL3.2 


T1EDGE INT ENA 


Figure 8. Dual-Compare Mode 
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programmable timer 1 (continued) 


The TMS370Cx0x device includes a 24-bit watchdog (WD) timer, contained in the timer 1 module, which can 
be programmed as an event counter, pulse accumulator, or interval timer if the watchdog function is not used. 
The WD function is to monitor software and hardware operation and to implement a system reset when the WD 
counter is not properly serviced (WD counter overflow or WD counter is re-initialized by an incorrect value). The 
WD can be configured as one of three mask options as follows: 


@ Standard watchdog configuration (see Figure 9) — for EPROM and mask-ROM devices: 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


— AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


— Awatchdog overflow flag (WD OVREL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, a pulse accumulator, or an interval timer 


WD OVRFL 
16-Bit aes 
WatchdogCounter 
O—————_ Interrupt 


WD OVRFL 
INT ENA 


T1CTL2.7 


O————— System Reset 


WD OVRFL 
RST ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 9. Standard watchdog 
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programmable timer 1 (continued) 


@ Hard watchdog configuration (see Figure 10) — for mask-ROM devices: 


Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


A WD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows. 


Automatic activation of the WD timer upon power-up reset 
INT1 is enabled as a nonmaskable interrupt during low-power modes. 


A watchdog overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


WDCNTR.15-0 


WD OVRFL 
INT FLAG 


TICTL2.5 


16-Bit 
Watchdog Counter 


Clock 
Prescaler 


TICTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 


@ Simple counter configuration — for mask-ROM devices only (see Figure 11) 


Simple counter can be configured as an event counter, pulse accumulator, or an internal timer. 
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programmable timer 1 (continued) 


WDCNTR. 15-0 
WD OVFL 
16-Bit INT FLAG T1CTL2.6 
Watchdog Counter 
TICTL2.5 O O—————__ Interrupt 
WD OVRFL 
INT ENA 


Clock 
Prescaler TICTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


serial communications interface 1 (SCI1) module 


The TMS370Cx0x devices include a serial communications interface 1 (SCI1) module. The SCI1 module 
supports digital communications between the TMS370 devices and other asynchronous peripherals and uses 
the standard non-return-zero format (NRZ) format. The SCI1’s receiver and transmitter are double buffered, and 
each has its own separate enable and interrupt bits. Both can be operated independently or simultaneously in 
the full duplex mode. To ensure data integrity, the SCl1 checks received data for break detection, parity, overrun, 
and framing errors. The speed of bit rate (baud) is programmable to over 65,000 different speeds through a 
16-bit baud-select register. 


Features of the SCIl1 module include: 
@ Three external pins: 
— SCITXD: SCI transmit-output pin or general-purpose bidirectional I/O pin 
— SCIRXD: SCI receive-input pin or general-purpose bidirectional I/O pin 
— SCICLK: SCI bidirectional serial-clock pin, or general-purpose bidirectional |/O pin 
@ Two communications modes: asynchronous and isosynchronoust 
@ Baud rate: 64K different programmable rates 
— Asynchronous mode: 3 bps to 156K bps at 5-MHz SYSCLK 


Ghee" ieee 
ASYNCHRONOUS BAUD = taaGp EG + 1) x GD 


— lsosynchronous mode: 39 bps to 2.5M bps at 5-MHz SYSCLK 


err: eee 
ISOSYNCHRONOUS BAUD = a55 REG + 1) x2 


Tt lsosynchronous = Isochronous 
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serial communications interface 1 (SCI1) module (continued) 


Data word format: 


One start bit 
Data word length programmable from one to eight bits 
Optional even/odd/no parity bit 


One or two stop bits 


Four error-detection flags: parity, overrun, framing, and break detection 


Two wake-up multiprocessor modes: Idle-line and address bit 


Half or full-duplex operation 


Double-buffered receiver and transmitter operations 


Transmitter and receiver operations can be accomplished through either interrupt-driven or 
polled-algorithms with status flags: 


Transmitter: TXRDY flag (transmitter buffer register is ready to receive another character) and TX 
EMPTY flag (Transmitter shift register is empty) 


Receiver: RXRDY flag (receive buffer register ready to receive another character), BRKDT flag (break 
condition occurred), and RX ERROR monitoring four interrupt conditions 


Separate enable bits for transmitter and receiver interrupts 


NRZ (non return-to-zero) format 


Eleven SCl1 module control registers, located in control register frame beginning at address PO50h 
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serial communications interface 1 (SCI1) module (continued) 


The SCI1 module control registers are illustrated in Table 14. 


Table 14. SCl1 Module Control Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
EVEN/ODD PARITY ASYNC/ | ADDRESS/ SCI 
STOP BITS PARITY ENABLE ISOSYNC. | IDLE WUP CHAR? SCI CHAR1 | SCI CHARO | SCICCR 
or CLOCK TXWAKE SLEEP TXENA RXENA SCICTL 
RESET 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUDO 
BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 (LSB) 
SCI TX 
RX SCI RX 


Reserved 


Reserved 


Reserved 


SCICLK SCICLK SCICLK SCICLK 
DATAIN | DATA OUT | FUNCTION | DATA DIR 
SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATAIN | DATA OUT | FUNCTION | DATA DIR DATAIN | DATA OUT | FUNCTION | DATA DIR 
SCITX SCIRX 


PF 


PO50 


P0O51 


P052 BAUD MSB 


P053 BAUD LSB 


P054 TXCTL 


PO55 RXCTL 


PO56 
P057 
P058 
P059 


PO5A 
PO5B 
PO5C 


RXBUF 


TXBUF 


POS5D SCIPC1 


PO5E SCIPC2 


PO5F SCIPRI 
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serial communications interface 1 (SCI1) module (continued) 


The SCI1 module block diagram is illustrated in Figure 12. 


Frame Format and Mode 


PARITY 
EVEN/ODD ENABLE 


SCI TX Interrupt 


TxRDY SCITXINTENA 


TXCTL.7 
TX EMPTY 
TXCTL.6 


( SCIPC2.7-4) -4 
hc hal SCITXD 
SCICTL.1 


BAUD MSB. 7-0 
Baud Rate 
MSbyte Reg. 
BAUD LSB. 7-0 


Baud Rate 
LSbyte Reg. SCIPC2.3-—0 
asco <_SCIRXD > 


RXWAKE 


(AxcTL.1)—S~o —+- 


Receive Data 
Buffer Reg. 


SCI RX Interrupt 


RXRDY_ SCI RX INT ENA 


RXBUF.7-0 


Figure 12. SCI1 Block Diagram 


instruction set overview 


Table 15 provides an opcode-to-instruction cross-reference of all 73 instructions and 274 opcodes of the 
‘370Cx0x instruction set. The numbers at the top of this table represent the most significant nibble of the opcode 
while the numbers at the left side of the table represent the least significant nibble. The instructions for these 
two opcode nibbles contain the mnemonic, operands, and byte/cycle particular to that opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 15. TMS370 Family Opcode/Instruction Mapt 


Rss} SF 


qj = 
S| a8 


ra 
2/5 
JP 
ra 
2/5 


= 
Ss 


Rs,Rd,ra #n,B,ra 
4/11 3/8 


Rs,B,ra 
3/9 


ADD 
#n,B 
2/6 


ADC 
#n,B 
2/6 


SUB 
#n,B 
2/6 


SBB 
#n,B 
2/6 


T All conditional jumps (opcodes 01-OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


#n,Pd,ra 
4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*lab[B],A 
3/12 


MOV 
A,*lab[B] 
3/12 


XCHB A/ 
TSTB 
1/10 


MOV 
#ra[SP],A 
2/7 


MOV 
A,*ra[SP] 
2/7 


CMP 
*n[SP],A 
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Table 15. TMS370 Family Opcode/instruction Mapt (Continued) 


MSN 
0 1 2 3 4 5 6 f) 8 9 A B 
MPY BR BR RR 
Rs,Rd lab *Rp A 
3/48 3/9 2/8 1/8 


CMP CMP CMP CMP 
Rs,Rd & lab,A “Rp,A *lab[B],A 
3/9 3/11 2/10 3/13 


DAC CALL CALL CALL RL 
Rs,Rd lab *Rp *lab[B] A 
3/11 3/13 2/12 3/15 1/8 
DSB CALLR CALLR CALLR RLC 
Rs,Rd lab *Rp *lab[B] A 
3/11 3/15 2/14 3/17 1/8 


Second byte of two-byte instructions (F4xx): 


Legend: 
* = Indirect addressing operand prefix 
& = Direct addressing operand prefix 


# = immediate operand 
#16 = immediate 16-bit number 


lab = 16-label 
= immediate 8-bit number 
Pd = Peripheral register containing destination type 
Pn = Peripheral register 
Ps = Peripheral register containing source byte 
ra = Relative address 
Rd = Register containing destination type 
Rn = Register file 
Rp = Register pair 
Rpd= Destination register pair 
Rps= Source Register pair 
Rs = Register containing source byte 


T All conditional jumps (opcodes 01-OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 
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F4 
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development system support 


The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator (XDS/22 — extended development support), and compact development tool, and an 
EEPROM/UVEPROM programmer. 


Assembler/linker (Part No. TMDS3740850-02 for PC) 

— Includes extensive macro capability 

— Allows high-speed operation 

— Provides format conversion utilities for popular formats 


ANSI C Compiler (Part No. TMDS3740855-02 for PC, Part No. TMDS3740555-09 for HP700™, Sun-3™ 
or Sun-4™) 


— Generates assembly code for the TMS370 that can be inspected easily 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct reference to the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
CDT370 (compact development tool) real-time in-circuit emulation 
— Base (Part Number EDSCDT370 — for PC, requires cable) 
— Cable for 28-pin PLCC (Part No. EDSTRG28PLCC02) 
— Includes EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Allows uploading/downloading program and data memory 
— Executes programs and software routines 
— Includes 1024 samples trace buffer 
— Provides single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
XDS/22 (extended development support) in-circuit emulator 
— Base (Part Number TMDS3762210 for PC, requires cable) 
— Cable for 28-pin PLCC (Part No. TMDS3788828) 


— Contains all the features of the CDT370 described previously but does not have the capability to 
program the data EEPROM and program EPROM 


— Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace 
samples with symbolic disassembly 


— Allows qualification of breakpoints by address and/or data on any type of memory acquisition. Up to four 
levels of events can be combined to cause a breakpoint 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 
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development system support (continued) 


Provides timers for arialyzing total and average time in routines 


Contains an eight-line logic probe for adding visibility of external signals to the breakpoint qualifier and 
for tracing display 


Microcontroller programmer 


Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 28-pin PLCC (Part No. TMDS3780510A) 


Personal computer based, window/function-key-oriented user interface for ease of use and rapid 
learning environment 


Design kit (Part No. TMDS3770110 — for PC) 


Includes TMS370 Application Board and TMS370 Assembler diskette and documentation 
Supports quick evaluation of TMS370 functionality 
Provides capability to upload and download code 


Provides capability to execute programs and software routines, and to single-step executable 
instructions 


Provides software breakpoints to halt program execution at selected addresses 
Includes wire-wrap prototype area 


Includes reverse assembler 


Starter Kit (Part No. TMDX37000 — for PC) 


Includes TMS370 Assembler diskette and documentation 
Includes TMS370 Simulator 

Includes programming adapter board and programming software 
Does not include (to be supplied by the user): 

— +5 V power supply 

— ZIF sockets 

— Nine-pin RS232 cable 
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device numbering conventions 


Figure 13 illustrates the numbering and symbol nomenclature for the TMS370Cx0x family. 
TMS 370 C 7 0 2 A FNT 


Prefix: TMS Standard prefix for fully qualified devices 
SE System evaluator that is used for 
prototyping purpose. 


Family: 370 TMS370 8-Bit Microcontroller Family 


eae a Technology: C = CMOS 
Program Memory Types: 0 = Mask ROM 
3 = Mask ROM, No Data EEPROM 
7 = EPROM 
Device Type: 0 = ’x0x devices containing the following modules: 
— Timer 1 
— Serial Communications Interface 1 (SCI1) 
Memory Size: = 8K bytes 
Temperature Ranges: = -40°Cto 85°C 
=~ -6°Cte 70°C 
= —40°C to 105°C 


Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 


2 
A 
L 
T 
Packages: FN 
FZ 
ROM and EPROM Option: A For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 
— A standard watchdog 
~— A hard watchdog 
-— A simple watchdog 
The clock mask option can be either: 
— Divide-by-4 clock 
— Divide-by-1 (PLL) clock 
The low-power modes can be either: 
— Enabled 
— Disabled 
NONE = For EPROM device, a standard watchdog, a 
divide-by-4 clock, and low-power modes are enabled. 


Figure 13. TMS370Cx0x Family Nomenclature 
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device part numbers 


Table 16 provides all of the ’xOx devices available. The device part number nomenclature is designed to assist 
ordering. Upon ordering, the customer must specify not only the device part number, but also the clock and 
watchdog timer options desired. Each device can have only one of the three possible watchdog timer options 
and one of the two clock options. The options to be specified pertain solely to orders involving ROM devices. 


Table 16. Device Part Numbers 


DEVICE PART NUMBERS 
FOR 28 PINS (LCC) 
TMS370CO002AFNA 


TMS370CO002AFNL 
TMS370CO002AFNT 


TMS370C302AFNA 
TMS370C302AFNL 
TMS370C302AFNT 


TMS370C702FNT 
SE370C702FzTt 


tT System evaluators are for use in prototype environment and their 
reliability has not been characterized. 
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new code release form 


Figure 14 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. AROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using Tl standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: & 

No: (Std. spec to be followed) 
*If Yes: Customer must provide print” to Tl w/NCRFF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) {] Disabled [] Hard Enabled {] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
: , Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 
Pah: bape . 4 paren 4 “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 


options. See the TMS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
i te 0° to 70°C (standard) [] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[] A’: —40° to 85°C [] “FN” 28-pin PLCC {] “FN” 68-pin PLCC 
[]’T’: —40° to 105°C [] “N” 40-pin PDIP {] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization [} YES {] NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE Ti ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
TI spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this Tl custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 14. Sample New Code Release Form 
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Table 17. Peripheral File Frame Compilation 


Table 17 is a collection of all the peripheral file frames used in the ’CxOx (provided for a quick reference). 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


System Configuration Registers 
COLD osc PF AUTO OSC FLT MC PIN MC PIN uP/uC 
START POWER WAIT FLAG WPO DATA MODE 
SS DISABLE 


PF REG 


SCCRO 


SCCR1 


DISABLE 


HALT/ PWRDWN/ BUS CPU INT1 PRIVILEGE 
STANDBY IDLE STEST STEST NMI DISABLE 


Reserved 


SCCR2 


INT1 


INT1 INT1 INT1 INT1 INT1 

FLAG PIN DATA POLARITY PRIORITY ENABLE 
INT2 INT2 INT2 INT2 INT2 INT2 INT2 

FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 
INT3 INT3 INT3 INT3 INT3 INT3 INT3 

FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 
a a a 


Reserved 


Reserved 


INT2 


INTS 


DEECTL 


EPCTL 


Digital Port Control Registers 


APORT1 
APORT2 
ADATA 
ADIR 


Reserved 
Port A Control Register 2 (must be 0) 
Port A Data 
Port A Direction 


Reserved 


[Pon GontelRegitert(mustbe TS dT 
[Pot GontotRagiser2(mustboor | | S| 
Foca ag soc as POREORI gc Aro", conan perce ae oapeat onl amamn 
ee. a eee ee ee 
Bit 7 T1 Counter LSbyte Bit O 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


DPORT1 
DPORT2 
DDATA 
DDIR 


P040 
P041 
P042 
P043 
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Table 17. Peripheral File Frame Compilation (Continued) 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 


Modes: Dual-Compare and Capture/Compare (Continued) 
P044 | Bit 15 Capture/Compare Register MSbyte Bit8 |} T1CC 
P045 | Bit 7 Capture/Compare Register LSbyte Bit O 
P0O46 | Bit 15 Watchdog Counter MSbyte Bit8 | WOCNTR 
P047 | Bit 7 Watchdog Counter LSbyte Bit 0 
P048 | Bit 7 Watchdog Reset Key BitO | WORST 


po4o WD OVRFL | WDINPUT | WDINPUT | WD INPUT T1 INPUT T1 INPUT T1 INPUT TICTL4 
TAP SELt SELECT2t | SELECTit | SELECTot SELECT2 SELECT1 SELECTO 
PodA WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL T1 TICTL2 
RST ENAt INT ENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
T1EDGE TiG2 TAC T1EDGE T1C2 T1C1 
Poss INT FLAG INT FLAG INT FLAG = ee INT ENA INT ENA INT ENA TICTLS 
T1C1 TIC2 T1C1 TICR TIEDGE TICR T1EDGE 
PO4C | T1MODE=0 | GQutena | OUTENA | RSTENA | OUTENA | POLARITY | RSTENA DETENA | -'CTL4 
Mode: Capture/Compare 
T1EDGE T1C1 T1EDGE T1C1 
T1 TiG T1C1 T1EDGE T1EDGE 
PO4C | mopE=1 | OUTENA oe RST ENA ee POLARITY eee DETENA | TICTLA 
Modes: Dual-Compare and Capture/Compare 
TIEVT TIEVT TIEVT TIEVT 
PO4E TIPWM TiIPWM TiPWM T1PWM T1IC/CR T1IC/CR T1IIC/CR | T1IC/CR DATA T1PCO 
DATA IN DATA OUT | FUNCTION | DATADIR DATA IN DATA OUT | FUNCTION 


SCi1 Module Control Memory Map 


PARITY 
ENABLE 


SCICCR 


SCICTL 


P052 em BAUDE BAUDD BAUDC BAUDB ~ BAUDA BAUD9 BAUD8 BAUD MSB 


P053 BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 BAUDO (LSB) | BAUD LSB 


Py SCI TX 
RX SCI RX 


tT Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 
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Table 17. Peripheral File Frame Compilation (Continued) 


BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O REG 
TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO TXBUF 


Reserved 


scIcLK | SCICLK SCICLK | SCICLKDATA | soi50, 
DATAIN | DATAOUT | FUNCTION DIR 
scitxD | scitxo | scitxp | scitxo | sciRxD | SsciRXD | SCIRXD | SCIRXDDATA | ..0., 
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION DIR 
SCITX SCIRX 
mv [ono | ese | ~ | - | - | - Jorn 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


OUDDIY VORGGG PANGS Vers (AOE INGO TY vcs. c ce peta deacons tae eke boat eee cue Vanes BOTS -—0.6Vto7V 
NPUL VONEOS ANGE GAN PINS GNGSOUINS. fae ei ons ec bbs + odd p RPO eee —0.6Vto7V 
BASE Ta he SI EA TRIN a EE RE PU OBIS 15 TSE STE -0.6Vto14V 

Input clamp current, liq (Vj <O Or ViS> VGC) .. rs eee eee eee cee teneedeeaerennes +20 mA 
Ouiput ciainm- carer trie (Ves sO OP Ve Por re A Si cc abe eh en os RY BR +20 mA 
Continuous output current per buffer, Iq (Vo = 0 to Vcc)) (see Note 2) ........ 6 eee eee e eee eee +10 mA 
TTT EES 0 aes RS De PS 2 gh SiS es oe ae ae Oo OR nae oan me TCS Meade ty E> 170 mA 
ee ER RS a coy ree aN a Le en Be A Per a A PR Ry Stine Tee -—170mA 
Ser EI RICNTIAT CCIE Sf. c's ee Ue evs a i wag Lecg acd a0 a 8 wikp Faceuaen ke Oe 500 mW 
Operating free-air temperature range, Ta. Lversion ............ cece cee ee eee eee eens 0°C to 70°C 
PUNT) <2 8G OG vary cite, « Sw cok Saale eae — 40°C to 85°C 

RUINS io ays: acne CA aj ew Pw ea DOTA — 40°C to 105°C 

Storage temperature range, Totg «2-652 eee eke cee e cette eet eee e tent ene ete eme eens. —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vss. 

2. Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in 
any buffer can affect the levels on other buffers. 


recommended operating conditions 


Supply voltage (see Note 1) 
RAM data-retention supply voltage (see Note 3) 


All pins except MC 
Low-level input voltage 


MC, normal operation 


All pins except MC, XTAL2/CLKIN, and 
RESET 


XTAL2/CLKIN 
RESET 
EEPROM write protect override (WPO) 


VIH High-level input voltage 


Vac MC (mode control) voltage EPROM programming voltage (Vpp) 


Microcomputer 
L version 


A version 
T version 


1. Unless otherwise noted, all voltage values are with respect to Vss. 
3. RESET must be activated externally when Vcc or SYSCLK is not within the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
V Low-level output voltage loL = 1.4 mA 


OL 
VOH High-level output voltage Si. HA ce V 
ERR Gr 


LA 
. - Rae sir 
MC 03V<Vi)<13V 
See Note 4 A 
12V<V)/<13V m 
Tops | ovevis Voc 
Vou = 0.4 V 
VoH = 0.9V Sigel. lame abet 
lOH High-level output current OH eS 
VoH =2.4'V Heer Bane yee rica alt DaBAN | 
See Notes 5 and6 
SYSCLK = 5 MHz 20 36 
See Notes 5 and6 
SYSCLK = 3 MHz 


See Notes 5 and 6 
SYSCLK = 0.5 MHz 


See Notes 5 and6 
SYSCLK = 5 MHz 


See Notes 5 and6 
SYSCLK = 3 MHz 


5 11 
See Notes 5 and6 
SYSCLK = 0.5 MHz 


Input current 


lOL Low-level output current 


Supply current (operating mode) 
OSC POWER bit = 0 (see Note 7) 


Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 8) 


See Notes 5 and 6 
SYSCLK = 3 MHz 


See Notes 5 and6 
SYSCLK = 0.5 MHz 


See Note 5 
Supply current (HALT mode) XTAL2/CLKIN < 0.2 V 


NOTES: 4. Input current Ipp is a maximum of 50 mA only when programming EPROM. 

5. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or > Voc — 0.2 V. 

6. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. At5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

7. Maximum operating current = 5.6 (SYSCLK) + 8 mA. 

Maximum standby current = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 
. Maximum standby current = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit = 1, only valid up to 3 MHz of SYSCLK). 


Supply current (STANDBY mode) 


mA 
mA 
, mA 
OSC POWER bit = 1 (see Note 9) 


(© © 
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XTAL2/CLKIN 


XTAL2/CLKIN 


be | + C3 (see Note B) 
C2 (see Note B) os 


Crystal/Ceramic 
External 


(see Note B) ais Resonator aly 
S (see Note A) ‘ Clock Signal 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 
B. The values of C1 and C2 are typically 15 pF and C3 is typically 50 pF. See the manufacturer’s recommendations for ceramic 


resonators. 
Figure 15. Recommended Crystal/Clock Connections 


Load Voltage 


1.2 kQ 


Vo 


> ai 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 
NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 16. Typical Output Load Circuit (See Note A) 


Vcc Vcc 
Pin Data 6 kQ 
Output 
Enable | INT1 > > 
20 Q 
GND 


GND 


Figure 17. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 


symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AR Array SC SYSCLK 
B Byte SCC SCICLK 

Cl XTAL2/CLKIN TXD SCITXD 

RXD SCIRXD 


Lowercase subscripts and their meanings are: 


c cycle time (period) SU setup time 

d delay time V valid time 

f fall time w pulse duration (width) 
r rise time 


The following additional letters are used with these meanings: 


H High 
i Low 
V Valid 


All timings are measured between high and low measurement points as indicated in Figure 18 and Figure 19. 


Lf 0.8 Vcc V (High) eas Ses eee 2 V (High) 
oe eee a OIL a ee 


Figure 18. XTAL2/CLKIN Measurement Points Figure 19. General Measurement Points 
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external clocking requirements for divide-by-4 clock (see Note 10 and Figure 20) 


Pulse duration, XTAL2/CLKIN (see Note 11) | Bc, QOS ei 


td(CIH-SCL) _ Delay time, XTAL2/CLKIN rise to SYSCLK fall | aaa ae 
es CLKIN Crystal operating frequency 
ea SYSCLK Internal system clock operating frequencyt 


T SYSCLK = CLKIN/4 
NOTES: 10. For Vj, and Vjp, refer to recommended operating conditions. 
11. This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<—1—> 


| ie 2 


¥e. 
—_ 


4+ 4 


SYSCLK / ee ne eee 


Figure 20. External Clock Timing for Divide-by-4 


external clocking requirements for divide-by-1 clock (PLL) (see Note 10 and Figure 21) 


twiCl Pulse duration, XTAL2/CLKIN (see Note 11) me: Se 
tcl Rise time, XTAL2/CLKIN te ea a 


i 20 
, 30 
20 
oN. cnoemingiegeey a 
Sore SYSCLK internal system clock operating frequency+ 


+ SYSCLK = CLKIN/1 
NOTES: 10. For Vi, and Vjp, refer to recommended operating conditions. 
11. This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


uae 
eran At Nf Re A 
| | | 
| | 
+ 2 op ae s oeeren ee § 


SYSCLK oe oes ON ee 


Figure 21. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 12 and Figure 22) 


Wiber se ee ee ee 


| Divide-by-4 200 2000 
to Cycle time, SYSCLK (system clock) Divitie-by—4 200 500 
ivide-by- ee ERO 


| 6 | twSCL Pulse duration, SYSCLK low 0.5tc-20  05tc 
tw(SCH Pulse duration, SYSCLK high O5t, O.5tc+20] ns | 


NOTE 12: tg = system-clock cycle time = 1/SYSCLK 


———_$—_—— 5 ————— > l¢— 7—>! 
| CF vein tetas : | 
| 


Figure 22. SYSCLK Timing 


general purpose output signal switching time requirements (see Figure 23) 


pet = 


> i tf 
Figure 23. Signal Switching Time 


recommended EEPROM timing requirements for programming 


recommended EPROM operating conditions for programming 


Supply voltage a ee 

Supply voltage at MC pin 13.2 13.5 a ee 

Supply current at MC pin during programming (Vpp = 13 V) a 
5 


Divide- Saaneie 
SYSCLK System clock operating frequency PE 
ivide- | Divide-by-1 | 


recommended EPROM timing requirements for programming 


tw(EPGM Pulse duration, programming signal (see Note 13) 0.40 0.50 3 
NOTE 13: Programming pulse is active when both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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SCI1 isosynchronous mode timing characteristics and requirements for internal clock 
(see Note 12 and Figure 24) 


<2. 2 Bale ain HNO a el Sees acne ee CESARE SE 
te(SCC Cycle time, SCICLK 2t 131072te 
26 


¢ ea 
[25 [twiscory Pulse uration, ScIGLKiow SSCS OSA | nw 
| 26 | tw(SCCH Pulse duration, SCICLK high tc- 45  O.5t(gcc)+45] ns | 
27 [tuiscou-txby Delay tine, SCITXD vai ater SoILKow ————SSCSC~sdSC‘ SOY 
[20 [wsccu-nxD) Valid time, SCIRXD data vald ater SILK High SP SC*dC 


NOTE 12: t. = system-clock cycle time = 1/SYSCLK 
-—_—_—<$<—_— $A 


| 
| ?¢—_—___—— 26 —_____-p 
: st : : 
SCICLK ay ee Ne 
| 
| eae aise 
27 | ! 
\/ KKK I = eae XK OOK OCC xox 
SCITAD (YOY 50550500 050505050 
¢—— 29 ae 
: >| \¢-30 


SCIRXD KOKA, __ Data Valid DRO RKO LLY 


Figure 24. SCI1 Isosynchronous Mode Timing for Internal Clock 
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SCI1 isosynchronous mode timing characteristics and requirements for external clock 
(see Note 12 and Figure 25) 


te(SCC Cycle time, SCICLK Oto 
40 


TNO. [wn aX 
Dai | 
32 [scot Pulse uration, SCICLKIow SSS 
[33 Jwiscony Pulse duration, SCICLK high SSCS te tz 
[a5 [wscci-tx0) Valid time, SCITXD data vai after SCICLKTigh ——~—S*dC sco 
[26 Pteuexo-SccH) Setup time, SCIRXDwSCIGLK igh ——SSSCSC—“‘~idSC 


ty(SCCH-RXD Valid time, SCIRXD data after SCICLK high 
NOTE 12: te = system-clock cycle time = 1/SYSCLK 
2 
| | 
| ¢—__—_ 33 —_____» 
| 
| 


| | 
re Se | 


| | 
rg a ee te eee ee eee oe 
| 
| i eEeeerner SARs 


<> 34 | | 
SOD KARO) Wiloeinrtitooueettonieet 
it — 36 —> 


! + + 37 


SCIRXD XXX KKK, _ Pata Mall ARR RKK RARER K KK EYY 


PN LN ZN ZN LN LN ZN LN ZN ZN £\ £\ 2 Z\ LN ZN ZN ZN Z\ 


Figure 25. SCI1 Isosynchronous Timing for External Clock 


Table 18 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 18. TMS370Cx0x Family Package Type and Mechanical Cross-Reference 


(niipin spacing) | __T¥S970 GENERIC NAME MECHANICAL NAME DEVICE PART NUMBERS 


TMS370C002AFNA 
TMS370CO002AFNL 
TMS370C002AFNT 
TMS370C302AFNA 
TMS370C302AFNL 
TMS370C302AFNT 
TMS370C702FNT 


FZ — 28 pin CERAMIC LEADED CHIP CARRIER _ | FZ(S-CQCC-J**) J-LEADED CERAMIC 
(50-mil pin spacing) _| (CLCC) CHIP CARRIER SE3700702F2T ? 


FN — 28 pin PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED 


(50-mil pin spacing) | (PLCC) CHIP CARRIER 
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@ CMOS/EEPROM/EPROM Technologies on 
a Single Device 
— Mask-ROM Devices for High-Volume 
Production 
— One-Time-Programmable (OTP) EPROM 
Devices for Low-Volume Production 
— Reprogrammable-EPROM Devices for 
Prototyping Purposes 
@ Internal System Memory Configurations 
— On-Chip Program Memory Versions 
— ROM: 2K, 4K, or 8K Bytes 
— EPROM: 8K Bytes 
- Data EEPROM: 256 Bytes 
— Static RAM: 128 or 256 Bytes Usable as 
Registers 
@ Flexible Operating Features 
— Low-Power Modes: STANDBY and HALT 
— Commercial, Industrial, and Automotive 
Temperature Ranges 
— Clock Options 
— Divide-by-1 (2 MHz—5 MHz SYSCLK) 
Phase-Locked Loop (PLL) 
- Divide-by-4 (0.5 MHz—5 MHz SYSCLK) 
— Supply Voltage (Vcc) 5 V +10% 
@ 16-Bit General Purpose Timer 
— Software Configurable as 
a 16-Bit Event Counter, or 
a 16-Bit Pulse Accumulator, or 
a 16-Bit Input Capture Functions, or 
Two Compare Registers, or a 
Self-Contained PWM Function 
— Software Programmable Input Polarity 
— 8-Bit Prescaler, Providing a 24-Bit 
Real-Time Timer 
@ On-Chip 24-Bit Watchdog Timer 
— EPROM/OTP Devices: 
— EPROM ’712A Standard Watchdog 
— EPROM ’712B Hard Watchdog 
— Mask-ROM Devices: Hard Watchdog, 
Simple Counter, or Standard Watchdog 
@ Flexible Interrupt Handling 
— Two Software Programmable Interrupt 
Levels 
— Global-and Individual-interrupt Masking 
— Programmable Rising- or Falling-Edge 
Detect 
— Individual Interrupt Vectors 
® Serial Peripheral Interface (SPI) 
— Variable-Length High-Speed Shift 
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JD AND N PACKAGES 
(TOP VIEW) 


D6 {} 1 28 || D3 
D7 {|} 2 27 || RESET 
A7{}3 26 |} D4 
Voc U4 25 {| SPISOMI 
XTAL2/CLKIN |} 5 241} SPICLK 
XTAL1 |} 6 231} SPISIMO 
A6 {|} 7 221} T1IC/CR 
A5 |} 8 211) TIPWM 
A4|}9 201) TIEVT 
A3{}10 19%}MC 
A2 |} 11 18]| INT3 
Vss{f12 = 17} INT2 
A1i}13 16q) INT1 
AO|} 14 159)D5 


FZ AND FN PACKAGES 
(TOP VIEW) 


XTAL2/CLKIN [] 5 25 Lj SPISOMI 
XTAL1 L} 6 24 L| SPICLK 
A6 LI] 7 23 Lj SPISIMO 
A5 8 22 LJ T1IC/CR 
A4{} 9 21 LI TiPWM 
A3 Lj 10 20 LJ TIEVT 
A2{j 11 19 LJ MC 


— Synchronous Master/Slave Operation 

TMS370 Series Compatibility 

— Register-to-Register Architecture 

— 128 or 256 General-Purpose Registers 

— 14 Powerful Addressing Modes 

— Instructions Upwardly Compatible With 
All TMS370 Devices 

CMOS/TTL Compatible I/O Pins/Packages 

— All Peripheral Function Pins Software 
Configurable for Digital I/O 

— 21 Bidirectional Pins, 1 Input Pin 

— 28-Pin Plastic and Ceramic DIP, or 
Leaded Chip Carrier (LCC) Packages 

Workstation/PC-Based Development 

System 

— C Compiler and C Source Debugger 

Real-Time In-Circuit Emulation 

Extensive Breakpoint/Trace Capability 

Multi-Window User Interface 

Microcontroller Programmer 


Register 
Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 
P 


roducts conform to specifications per the terms of Texas Inatruments j 
rere gr ficin dmg ion processing not necessarily inclu TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 5-3 


TMS370Cx1x 
8-BIT MICROCONTROLLER 


SPNS012E — MAY 1987 — REVISED MARCH 1996 


Pin Descriptions 


28 PINS 
DIP and LCC vot DESCRIPTION 
AO 14 


13 
11 
10 


1/O | Port Ais a general-purpose bidirectional I/O port. 


Port D is a general-purpose bidirectional |/O port. D3 is also configurable as SYSCLK. 


External interrupt (non-maskable or maskable) / general-purpose input pin 
External maskable interrupt input/ general-purpose bidirectional pin 
Exterrial maskable interrupt input/ general-purpose bidirectional pin 


Timer! input capture/counter reset input pin /general-purpose bidirectional pin 
Timer! PWM output pin/general-purpose bidirectional pin 
Timer! external event input pin/ general-purpose bidirectional pin 


SPISOMI 
SPISIMO 
SPICLK 


SPI slave output pin, master input pin/ general-purpose bidirectional pin 
SPI slave input pin, master output pin/ general-purpose bidirectional pin 
SPI bidirectional serial clock pin/ general-purpose bidirectional pin 


Syste reset bidirectional pin; as input pin, RESET initializes the microcontroller; as open-drain output, 
RESET indicates that an internal failure was detected by watchdog or oscillator fault circuit. 


Mode control input pin; enables EEPROM write protection override (WPO) mode, also EPROM Vpp 


XTAL2/CLKIN Internal oscillator crystal input/External clock source input 
XTAL1 Internal oscillator output for crystal 


Positive supply voltage 


T | = input, O = output 
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functional block diagram 


XTAL2/ 
INT1 INT2 INT3 XTAL1 CLKIN MC RESET 


Clock Options: 
Interrupts Divide-By-4 or 


Divide-By-1 (PLL) 


Serial SPISOMI 


7 - — Peripheral SPISIMO 
RAM Interface SPICLK 
128 or 256 Bytes 
Program Memory 
ROM: 2K, 4K, or 8K Bytes Data EEPROM 
EPROM: 8K Bytes 0 or 256 Bytes 


T1IC/CR 
wie - 
= — Watchdog 
Voc 


7 


The TMS370C010, TMS370C012, TMS370C311, TMS370C310, TMS370C312, TMS370C712, and 
SE370C712 devices are members of the TMS370 family of single-chip 8-bit microcontrollers. Unless otherwise 
noted, the term TMS370Cx1x refers to these devices. The TMS370 family provides cost-effective real-time 
system control through integration of advanced peripheral-function modules and various on-chip memory 
configurations. 


description 


The TMS370Cx1x family of devices is implemented using high-performance silicon-gate CMOS EPROM and 
EEPROM technologies. Low-operating power, wide-operating temperature range, and noise immunity of 
CMOS technology coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370Cx1x devices attractive for system designs for automotive electronics, industrial motors, computer 
peripheral controls, telecommunications, and consumer applications. 


All TMS370Cx1x devices contain the following on-chip peripheral modules: 
@ Serial peripheral interface (SPI) 
@ One 24-bit general-purpose watchdog timer 


@ One 16-bit general-purpose timer with an 8-bit prescaler 
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description (continued) 


Table 1 provides a memory configuration overview of the TMS370Cx1x devices. 


Table 1. Memory Configurations 


ence PROGRAM MEMORY DATA MEMORY  mrmncexces 
DEVICE (BYTES) (BYTES) 28 PIN PACKAGES 
ROM EPROM RAM EEPROM 

TT es ee 

a ee 

a ee ed a= 

ee ee 
ob ye 
et ee 
poee pe Meas 


TMS370C712A, oe FN —- PLCC 
TMS370C712B N -PDIP 
SE370C712AT, 


6 
FZ-—CLCC 


Tt System evaluators and development are for use only in prototype environment and their reliability has not been characterized. 


A 

12 

12 

12 
FN — PLCC 

25 

25 


The suffix letter (A or B) appended to the device names shown in the device column of Tables 1 and 2 indicates 
the configuration of the device. ROM or EPROM devices have different configurations as indicated in Table 2. 
ROM devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 2. Suffix Letter Configuration 


DEVICE+ WATCHDOG TIMER CLOCK LOW-POWER MODE 
EPROM A Divide-by-4 (Standard oscillator) Enabled 
EPROM B Divide-by-1 (PLL) Enabled 


ROM A Hard Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


+ Refer to the “device numbering conventions” section for device nomenclature and to the “device part numbers” section for ordering. 


The 2K bytes, 4K bytes, and 8K bytes of mask-programmable ROM in the associated TMS370Cx1x devices 
are replaced in the TMS370C7'12 with 8K bytes of EPROM. All other available memory and on-chip peripherals 
are identical, with the exception of no data EEPROM on the TMS370C311, TMS370C310, and TMS370C312 
devices. The OTP (TMS370C712) device and reprogrammable (SE370C712) device are available. 


TMS370C712 OTP devices are available in plastic packages. This microcontroller is effective to use for 
immediate production updates for other members of the TMS370Cx1x family or for low volume production runs 
when the mask charge or cycie time for the low-cost mask ROM devices is not practical. 


The SE370C712 has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development/prototyping phase of design. The SE370C712 devices allow quick updates to 
breadboards and prototype systems while iterating initial designs. 
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description (continued) 


The TMS370Cx1x family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator and the general-purpose timer remain active. In the HALT mode, 
all device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370Cx1x features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx1x family is fully 
instruction-set-compatible, providing easy transition between members of the TMS370 8-bit microcontroller 
family. 


The SPI provides a convenient method of serial interaction for high-speed communications between simpler 
shift register-type devices, such as display drivers, analog-to-digital (A/D) converters, PLL, input/output (I/O) 
expansion, or other microcontrollers in the system. 


The TMS370Cx1x family provides the system designer with economical, efficient solution to real-time control 
applications. The TMS370 family extended development system (XDS™) and compact development tool 
(CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370Cx1x into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C language, and the output code can be generated by the linker. The TMS370 family 
XDS development tool communicates through a standard RS-232-C interface with an existing personal 
computer. This allows the use of the PC’s editors and software utilities already familiar to the designer. The 
TMS370 family XDS emphasizes ease-of-use through extensive menus and screen windowing so that a system 
designer can begin developing software with minimal training. Precise real-time, in-circuit emulation and 
extensive symbolic debug and analysis tools ensure efficient software and hardware implementation as well 
as reducing the time-to-market cycle. 


The TMS370Cx1x family together with the TMS370 family XDS22, CDT370, design kit, starter kit, software 
tools, the SE370C712 reprogrammable devices, comprehensive product documentation, and customer 
support provide a complete solution to the needs of the system designer. 


central processing unit (CPU) 


X 


The CPU on the TMS370Cx1x device is the high-performance 8-bit TMS370 CPU module. The ’x1x implements 
an efficient register-to-register architecture that eliminates the conventional accumulator bottleneck. The 
complete ’x1x instruction map is shown in Table 17 in the TMS370Cx1x instruction set overview section. 


The ’370Cx1x CPU architecture provides the following components: 
CPU registers: 


@ A stack pointer that points to the last entry in the memory stack 
@ Astatus register that monitors the operation of the instructions and contains the global interrupt-enable bits 
@ A program counter (PC) that points to the memory location of the next instruction to be executed 


DS and CDT are trademarks of Texas Instruments Incorporated. 
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central processing unit (CPU) (continued) 


Figure 1 illustrates the CPU registers and memory blocks. 


15 ee Counter 0 


7 Stack Pointer (SP) 0 Legend: 
C=Carry 
N=Negative 
Status Register (S Z=Zero 
PC IN |Z | v [ie2| te1] — |—| V=Overflow 
Pr Be ae =S a2 cer 6 1E2=Level 2 interrupts Enable 


1Ei=Level 1 interrupts Enable 
RAM (Includes up to 256-Byte Registers File) 


0000h 
0000h hee 128-Byte RAM (0000h-007Fh) 007Fh 
0080h 
0001h a 256-Byte RAM (0000h-00FFh) O0FF 
ova oer 
0003h Peripheral File ion 
Reservedt 1050h 
iFoon 
256-Byte Data EEPROM 

= ire 
Not Availablet peiedd 
6000h 

007Fh 8K-Byte ROM/EPROM (6000h-7FFFh) 
6FFFh 
7000h 


4K-Byte ROM (7000h-7FFFh) 


Interrupts and Reset Vectors; 
Trap Vectors 


t Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


Figure 1. Programmer’s Model 


A memory map includes: 


128- or 256-byte general-purpose RAM that can be used for data memory storage, program instructions, 
general purpose register, or the stack 

A peripheral file that provicles access to all internal peripheral modules, system-wide control functions, and 
EEPROM/EPROM programming control 

256-byte EEPROM module, that provides in-circuit programmability and data retention in power-off 
conditions 

2K-, 4K-, or 8K-byte ROM or 8K-byte EPROM 


stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. Typically, the stack 
is used to store the return address on subroutine calls as well as the status register (ST) contents during interrupt 
sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 


onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 
on-chip RAM. 


5-8 
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central processing unit (CPU) (continued) 


status register (ST) 


The ST monitors the operation of the instructions and contains the global interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits. 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional-jump instructions) use the status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 


The ST, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Registers 


“p 6 5 4 | 2 1 0 
es Se ee a ee ee 
RW-0 RW-0O RW-0 RW-0 RW-0 RW-0 


R = read, W = write, 0 = value after reset 
program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contains the most significant byte (MSbyte) and least significant byte (LSbyte) of a 16-bit address. 


During reset, the contents of the reset vector (7FFEh, 7FFFh) are loaded into the PC. The PCH (MSbyte of the 
PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is loaded with the 
contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 6000h as the 
contents of the reset vector. 


Program Counter (PC) 
Memory PCH PCL 


le Bee. eee ee 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx1x architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. As shown in Figure 3, the TMS370Cx1x provides memory-mapped RAM, ROM, data EEPROM, 
1/O pins, peripheral functions, and system-interrupt vectors. 


The peripheral file contains all I1/O port control, peripheral status and control, EEPROM, EPROM, and 
system-wide control functions. The peripheral file is located between 1010h to 104Fh and is divided logically 
into four peripheral file frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through 
which peripheral control and data information is passed. 
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TMS370Cx1x CPU (continued) 


Peripheral File Control Registers 


System Control 


1010h — 101Fh 


0000h if 128-Byte RAM Digital Port Control 1020h — 102Fh 
007Fh 1030h — 103Fh 
0080h e 256-Byte RAM Timer 1 Peripheral Control 1040h — 104Fh 
OOFFh Register File/Stack 

oor 

100Fh 

1010h 


Peripheral File 


256-Byte Data EEPROM 


Vectors 


Not Available? Trap 15-0 7FCOh — 7FDFh 
plik Reserved 7FEOh — 7FF3h 
Fi 8K Bytes Start at 6000h 
cdl Timer 1 7FF4h — 7FF5Sh 
at. See 
77FFh Serial Peripheral Interface 7FF6h — 7FF7h 
7800h 


2K Bytes Start at 7800h 7FF8h — 7FF9h 


er eS LL Se See 

7FCOh Interrupts and Reset Vectors; 7FFAh — 7FFBh 
7FFFh Trap Vectors 

8000h 7FFCh — 7FFDh 


7FFEh — 7FFFh 


Not Available*: 


Tt Reserved means that the address space is reserved for future expansion. 
+ Not available means that the address space is not accessible. 


Figure 3. TMS370Cx1x Memory Map 
RAM/register file (RF) 


Locations within the RAM address space can serve as the RF, general-purpose read/write memory, program 
memory, or the stack instructions. The TMS370Cx10, TMS370Cx11, and TMS370C312 contain 128 bytes of 
internal RAM mapped beginning at location 0000h (RO) and continuing through location 007Fh (R127) which 
is shown in Table 4 along with ‘712 devices. 


Table 4. RAM Memory Map 


128 bytes 256 bytes 
Memory mapped 0000h-—007Fh 0000h—O0FFh 


The first two registers, RO and R11, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 
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peripheral file (PF) 


The TMS370Cx1x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decimal designator. For example, the system-control register 0 (GCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal designator is P16. Table 5 
shows the TMS370Cx1x PF address map. 


Table 5. TMS370Cx1x Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


1010h—101Fh P010—PO1F System and EPROM/EEPROM control registers 
1020h—102Fh P020—P02F Digital |/O port control registers 


1030h—103Fh P030-—PO0O3F SPI registers 
1040h-—104Fh P040—PO04F Timer 1 registers 
1050h-10FFh__|__PO50—POFF 


data EEPROM 


The TMS370Cx1x devices, containing 256 bytes of data EEPROM, have memory mapped beginning at location 
1FOOh and continuing through location 1FFFh. Writing to the data EEPROM module is controlled by the data 
EEPROM control register (DEECTL) and the write-protection register (WPR). Programming algorithm 
examples are available in the TMS370 Family User’s Guide (literature number SPNU127) or the 
TMS370 Family Data Manual (literature number SPNS014B). The data EEPROM features include the following: 


@® Programming: 
— Bit-, byte-, and block-write/erase modes 
— Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the DEECTL located in the PF frame 
beginning at location PO1A. See Table 6. 


—  In-circuit programming capability. There is no need to remove the device to program. 
@® Write protection. Writes to the data EEPROM are disabled during the following conditions. 

— Reset. All programming of the data EEPROM module is halted. 

— Write protection active. There is one write-protect bit per 32-byte EEPROM block. 

— Low-power mode operation 


@ Write protection can be overridden by applying 12 V to MC. 


Table 6. Data EEPROM and PROGRAM EPROM Control Registers Memory Map 


[appRESs | symBol[—~SCSN AME 
oe ee 
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program EPROMT 


The TMS370C712 device contains 8K bytes of EPROM mapped, beginning at location 6000h and continuing 
through location 7FFFh as shown in Figure 3. Reading the program EPROM modules is identical to reading 
other internal memory. During programming, the EPROM is controlled by the EPROM control register (EPCTL). 
The program EPROM module features include: 


@ Programming 
—  In-circuit programming capability if Vpp is applied to MC 


— Control register: EPROM programming is controlled by the EPROM control register (EPCTL) located in 
the peripheral file (PF) frame at location PO1Ch as shown in Table 6. 


@ Write protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset: All programming to the EPROM module is halted 
— Low-power modes 
— 13V not applied to MC 


program ROMt 


The program ROM consists of 2K to 8K bytes of mask programmable read-only memory (see Table 7). The 
program ROM is used for permanent storage of data or instructions. Programming of the mask ROM is 
performed at the time of device fabrication. 


Table 7. Program ROM Memory Map 


2K bytes 4K bytes 8K bytes 
7800h-—7FFFh 7000h—7FFFh 6000h-—7FFFh 


system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx1x CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
generated internally, while one (RESET pin) is controlled externally. These actions are as follows: 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer timeout . See the TMS370 Family 
User’s Guide (literature number SPNU127) for more information. 


@ Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the 7TMS370 Family User’s Guide (literature number SPNU127) for more information. 


@ External RESET pin. A low level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 Family User’s Guide (literature number SPNU127) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x1x device to reset external system components. Additionally, if a cold start (Vcc is off 
for several hundred milliseconcs) condition or oscillator failure occurs or the RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


Tt Memory addresses 7FF8h through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP15 
instructions are located between addresses 7FCOh and 7FDFh. 
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system reset (continued) 


After a reset, the program can check the oscillator-fault flag (OSC FLT FLAG, SCCR0O.4), the cold-start flag 
(COLD START, SCCRO.7) and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 8 depicts the reset sources. 


Table 8. Reset Sources 


[REGISTER [ ADDRESS [PF | BING | CONTROLOT |  SOURCEOFRESET 


Once a reset is activated, the following sequence of events occurs: 

1. The CPU registers are initialized: ST = OOh, SP = Oth (reset state). 

2. Register A and B are initialized to OOh (no other RAM is changed). 

3. The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
4. The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


5. Program execution begins with an opcode fetch from the address pointed to the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


When an external reset circuit is connected to the RESET pin, the pin must be held low until the clock signal 
is valid and Vcc is within the operating range. Figure 4 shows a typical reset circuit. 


Vcc To Other Device Resets 


TMS370 


Reset In 


I¢- Reset Out 


Manual -| 
Reset 


Figure 4. Typical Reset Circuit 
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interrupts 


The TMS370 family software-programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-tirne interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global interrupt mask bits (IE1 and IE2) of 
the ST. . 


EXT INT 3 


EXT INT 2 


TIMER1 


Overflow ety 
Oo 
Ext Edge nee 
Compare2 a 
Input Capture ans oe 
Watchdog we fe" 


INT3 PRI 


Compare 


Priority 
Logic 


Level 1 INT 


Level 2 INT 
SPI INT 


SPI PRI 


Figure 5. Interrupt Control 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is selectively configured on either the high- or 
low-priority-interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
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interrupts (continued) 


chains is performed within the peripheral modules to support interrupt expansion for future modules. 
Pending-interrupts are serviced upon completion of current instruction execution, depending on their interrupt 
mask and priority conditions. 


The TMS370Cx1x has five hardware system interrupts (plus RESET) as shown in Table 9. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. A system interrupt may have multiple interrupt sources. All of the interrupt sources are 
individually maskable by local interrupt enable control bits in the associated peripheral file. Each interrupt source 
FLAG bit is individually readable for software polling or to determine which interrupt source generated the 
associated system interrupt. 


Two of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are 
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input 
polarity (rising or falling edge) for ease of system interface. External interrupt INT1 is software configurable as 
either a maskable or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked 
by the individual or global enable mask bits. The INT 1 NMI bit is protected during non-privileged operation and, 
therefore, should be configured during the initialization sequence following reset. To maximize pin flexibility, 
external interrupts INT2 and INT3 can be software configured as general purpose input/output pins if the 
interrupt function is not required (INT1 can be similarly configured as an input pin). 


Table 9. Hardware System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
External RESET COLD START 
Watchdog Overflow WD OVREL INT FLAG RESET+ 7FFEh, 7FFFh 
Oscillator Fault Detect OSC FLT FLAG 


External INT1 INT1 FLAG INT14 7FFCh, 7FFDh 
External INT2 INT2 FLAG INT2t 7FFAh, 7FFBh 
External INT3 INT3 FLAG INT3t 7FF8h, 7FF9h 


SPI Receiver (Rx)/Transmitter (Tx) Data SPI INT FLAG SPIINT 7FF6h. 7FF7h 
Complete . 


Timer 1 Overflow T1 OVRFL INT FLAG 

Timer 1 Compare 1 T1C1 INT FLAG 

Timer 1 Compare 2 T1C2 INT FLAG 

Timer 1 External Edge T1EDGE INT FLAG THINTS bad ee 3 
Timer 1 Input Capture 1 T11C1 INT FLAG 

Watchdog Overflow WD OVREL INT FLAG 


tT Relative priority within an interrupt level 
+ Release microcontroller from STANDBY and HALT low-power modes 
§ Release microcontroller from STANDBY low-power mode 


privileged operation and EEPROM write protection override 


The TMS370Cx1x family is designed with significant flexibility to enable the designer to software-configure the 
system and peripherals to meet the requirements of a variety of applications. The nonprivileged mode of 
operation ensures the integrity of the system configuration, once it is defined for an application. Following a 
hardware reset, the TMS370Cx1x operates in the privileged mode, where all peripheral file registers have 
unrestricted read/write access, and the application program configures the system during the initialization 
sequence following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is 
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set to 1 to enter the nonprivileged mode, disabling write operations to specific configuration-control bits within 
the PF. Table 10 displays the system-configuration bits which are write-protected during the nonprivileged mode 
and must be configured by software prior to exiting the privileged mode. 


Table 10. Privilege Bits 


CONTROL BIT 


OSC POWER 


MEMORY DISABLE 
AUTOWAIT DISABLE 
PRIVILEGE DISABLE 
INT1 NMI 

CPU STEST 

BUS STEST 


PWRDWN/IDLE 
HALT /STANDBY 


SPI ESPEN 
SP! PRIORITY 
SPI STEST 


T1 PRIORITY 
T1 STEST 


REGISTERT 


t The privilege bits are shown in a bold typeface in the peripheral file 
frame 1 section. 


The write protect override (WPO) mode provides an external hardware method of overriding the write protection 
registers (WPRs) of data EEPROM on the TMS370Cx1x. WPO mode is entered by applying a 12-V input to the 
MC pin after the RESET pin input goes high (logic 1). The high voltage on the MC pin during the WPO mode 
is not the programming voltage for the data EEPROM or Program EPROM. All EEPROM programming voltages 
are generated on-chip. The WFO mode provides hardware system level capability to modify the content of data 
EEPROM while the device remains in the application but only while requiring a 12 V external input on the MC 
pin (normally not available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370Cx1x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls the low-power mode selection. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, and Timer 1 remain active. System processing is suspended until a 
qualified interrupt (hardware RESET, external interrupt on INT1, INT2, INT3, or timer 1 interrupt) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370Cx1x is placed in its lowest power consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET, external interrupt on the INT1, INT2, or INTS) is 
detected. The power-down mode-selection bits are summarized in Table 11. 
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low-power and IDLE modes (continued) 


Table 11. Low-Power/Idle Control Bits 


POWER-DOWN CONTROL BITS 
PWRDWN/IDLE HALT/STANDBY MODE SELECTED 
(SCCR2.6) (SCCR2.7) 


HALT 
Reais on crs peace Share, 


IDLE 


Tt Don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an IDLE instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method for always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI is generated always, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (SP, PC, and ST), I/O pin direction and output data, and status registers of all on-chip peripheral 
functions. Since all CPU instruction processing is stopped during the STANDBY and HALT modes, the clocking 
of the WD timer is inhibited. 


clock modules 


The ’x1x family provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 MCU. The ’x1x masked ROM devices offer both options to meet system 
engineering requirements. Only one of the two clock options is allowed on each ROM device. The ’712A 
EPROM has only the divide-by-4, while the ’712B has divide-by-1. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a one-to-one match of the external resonator frequency (CLKIN) to the internal system 
clock (SYSCLK) frequency, whereas the divide-by-4 produces a SYSCLK which is one-fourth the frequency of 
the external resonator. Inside of the divide-by-1 module, the frequency of the external resonator is multiplied 
by four, and the clock module then divides the resulting signal by four to provide the four-phased internal system 
clock signals. The resulting SYSCLK is equal to the resonator frequency. These are formulated as follows: 


external resonator frequency _ CLKIN 
4 cease 


external resonator frequency x 4 
4 


The main advantage of choosing a divide-by-1 oscillator is the improved EMI performance. The harmonics of 
low-speed resonators extend through fewer of the emissions spectrum than the harmonics of faster resonators. 
The divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a 
steeper decay of emissions produced by the oscillator. 


Divide-by-4 option: SYSCLK = 


Divide-by-1 option: SYSCLK = = CLKIN- 
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system configuration registers 


P019 


PO1A 
PO1B 
P01C 


P01D 
PO1E 
PO1F 


Table 12 contains system-configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in a bold typeface and shaded areas. 


Table 12. Peripheral File Frame 1: System-Configuration Registers 


BIT 7 BIT 4 tart 2 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


| OSC FLT MC PIN MC PIN uP/uC 
FLAG WPO DATA MODE 


Reserved 


INT1 INT1 INT1 INT1 INT1 INT4 

FLAG PIN DATA POLARITY | PRIORITY ENABLE 

INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 

FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 

INT3 INT3 INT3 INT3 INT3 INT3 INT3 INT3 

FLAG PIN DATA DATA DIR DATA ae, one PRIORITY ENABLE 

ef i | wiwo | EXE _|DEECTL 
| 

uy | wes | = | = | = fe L we [Se jercn 


Reserved 


vi TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx1x 
8-BIT MICROCONTROLLER 


SPNS012E — MAY 1987 — REVISED MARCH 1996 


digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 13 shows the specific 
addresses, registers, and control bits within this peripheral file frame. Table 14 shows the port configuration 
register setup. 


Table 13. Peripheral File Frame 2: Digital Port-Control Registers 


Ce ee 


Port D Control Register 1 (must be 0) ioe eae 


REG 
APORT1 
APORT2 
ADATA 
ADIR 


PF 
P020 
Po2t 
P022 
P023 


P024 
to 
P02B 


P02C 
P02D 
PO2E 
PO2F 


DPORT1 
DPORT2 
DDATA 
DDIR 


Port D Control Register 2 (must be 0)T ees ae 
Po ee re | 


T D3 as SYSCLK, set port D control register 2 = 08h. 


Table 14. Port Configuration Register Setup 


abcd abcd 
00q1 O0yO 


a = Port x Control Register 1 
b = Port x Control Register 2 
c = Data 
d = Direction 


wi TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 5-19 


TMS370Cx1x 
8-BIT MICROCONTROLLER 


SPNS012E — MAY 1987 — REVISED MARCH 1996 
programmable timer 1 


The programmable Timer 1 (11) module of the TMS370Cx1x provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers, T1 and WD, allow program selection of input clock 
sources (real-time, external event, or pulse accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The Timer 1 module includes three external device pins that can 
be used for multiple counter functions (operation-mode dependent), or used as general-purpose |/O pins. The 
T1 module block diagram is shown in Figure 6. 


16-Bit 
Capt/Comp 
Register 


Counter 


16-Bit 
Compare 
Register 


Interrupt 
Logic 
Interrupt 
Logic 
16-Bit 


WatchdogCounter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins 


— T1IC/CR: T1 input capture / counter-reset input pin, or general-purpose bidirectional I/O pin 


— T1PWM: T1 pulse-wicdth-modulation (PWM) output pin, or general-purpose bidirectional |/O pin 
— T1EVT: T1 event input pin, or general-purpose bidirectional I/O pin 
@ Two operational modes: 
— Dual-compare mode: Provides PWM signal 
— Capture/compare mode: Provides input capture pin 
One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either 
capture or compare registers. 


@ One 16-bit WD counter can be used as an event counter, a pulse accumulator, or an interval timer if WD 
feature is not needed. 


@ Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 
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programmable timer 1 (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR) 


@ Interrupts that can be generated on the occurrence of: 
— Acapture 
— Acompare equal 
— Acounter overflow 
— Anexternal edge detection 
@ Sixteen T1 module control registers located in the PF frame beginning at address P040 


The T1 module control registers are illustrated in Table 15. 
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programmable timer 1 (continued) 


Table 15. Timer 1 Module Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Modes: Dual-Compare and Capture/Compare 
Bit 15 T1Counter MSbyte Bit8 |} TICNTR 
Bit 7 T1 Counter LSbyte Bit 0 
Bit 15 Compare Register MSbyte Bit8 | T1C 
Bit 7 Compare Register LSbyte Bit O 
Bit 15 Capture/Compare Register MSbyte Bit8 |} TiCC 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Watchdog Counter MSbyte Bit8 | WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit 0 
Bit 7 Watchdog Reset Key BitO | WORST 


WD OVRFL | WD INPUT | WD INPUT | WD INPUT T1 INPUT T1 INPUT T1 INPUT 
TAP SELT | SELECT2T | SELECTi1T | SELECToT SELECT2 SELECT1 SELECTO 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL T1 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 T1C1 T1C2 T1C1 TiCR TIEDGE T1CR TIEDGE 
MODE=0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY | RSTENA DET ENA 
Mode: Capture/Compare 
T1EDGE T1C1 TI1EDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
He T1C1 T1C1 T1EDGE TIEDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Modes: Dual-Compare and Capture/Compare 
TIEVT TIEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
TIPWM TiIPWM TIPWM TiPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
Ti 


T Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 


PF REG 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


P049 T1CTL1 


PO4A TICTL2 


PO04B TICTL3 


P04C T1CTL4 


T1ICTL3 


T1CTL4 


T1PC1 


T1PC2 


PO4F T1PRI 
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programmable timer 1 (continued) 


Figure 7 shows the Timer 1 capture/compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the PF. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in the T1CTL2 


register. 
T10C.15-0 
Casticamis = T1C1 
fe ong Register MSB OUTENA |, T1PC2.7-4 
Source : TICTL4.6) | & <TiPWM> 
— } 
j= 
TICNTR.15-—0 
LSB 16-Bit 


MSB Counter a 


aD. 


eo Reset 
Ti SW ( T1C. 15-0) 15-0 [1 
RESET 
16-Bit LSB 
T1CTL2.0 T1C1 Compare 


RST ENA 


Register MSB 


T1 OVREL INT FLAG 


T1 OVRFL INT ENA 


T1EDGE INT FLAG 


(T1eT137}-0 


T1EDGE INT ENA 


T1PC2.3-0 
TIEDGE DET ENA 


T1EDGE POLARITY 


Figure 7. Capture/Compare Mode 
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programmable timer 1 (continued) 


Figure 8 shows the Timer 1 dual-compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in 
the T1CTL2 register. 


16-Bit op 


T1C2 INT FLAG 


Capt/Comp 
Prescaler : MSB 
Clock Register 


Source i} 


TICNTR.15-0 


Output 
Enable 


T1CTL3.1 


T1C2 INT ENA TICTL4.5 
© 


O T1PC2.7-4 
LSB 16-Bit T1C2 OUT ENA 
Msp Counter 18 T1C1 INT FLAG T1CTL4.6 TIPWM 


Toggle 


T1C1 OUT ENA 


T1CTL4.3 


T1CR OUT ENA 


TICTL3.0 


T1C1 INT ENA 


Reset 
mee T1C1 TIC. 15-0 f 


RESET RST ENA 


16-Bit LSB 
T1CTL2.0 TICTta.4 (Compare 


Register MSB 


€ Bikes © 
O T1 OVREL INT FLAG 
T1CTL4.1 TICTL2.3 
T1CR 


TICTL2.4 


T1 OVRFL INT ENA 


T1PC2.3-0 RST ENA 


Edge 
Select 
TICTL4.2 


T1EDGE POLARITY TICTL3.2 


T1EDGE INT ENA 


oo TIPORY == 
TICTL4.0 T1EDGE INT FLAG  TIPRIL6) 7 


Figure 8. Dual-Compare Mode 
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programmable timer 1 (continued) 


The TMS370Cx1x device includes a 24-bit WD timer, contained in the T1 module, which can be programmed 
as an event counter, pulse accumulator, or interval timer if the WD function is not used. The WD function is to 
monitor software and hardware operation and to implement a system reset when the WD counter is not properly 
serviced (WD counter overflow or WD counter is re-initialized by an incorrect value). The WD can be configured 
as one of three mask options as follows: standard watchdog, hard WD, or simple counter. 


@ Standard watchdog configuration (see Figure 9) for ’C712A EPROM and mask-ROM devices: 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


— AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written. 


— Generates a system reset if an incorrect value is written to the WD reset key or if the counter 
overflows 


— AWD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator or an interval timer 


WDCNTR.15-0 
16-Bit WD OVRFL T1CTL2.6 
Watchdog Counter INT FLAG 
TICTL2.5 O- O-————-__ Interrupt 
Reset WD OVRFL 
pi INT ENA 
Clock 
Prescaler T1CTL1.7 TICTLO7 
WD OVRFL 
TAP SEL O— O—————_ System Reset 
WD OVRFL 
Watchdog Reset Key RST ENA 
WDRST.7-0 


Figure 9. Standard Watchdog 
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programmable timer 1 (continued) 


Hard watchdog configuration (see Figure 10) for’C712B EPROM and mask-ROM devices: 


Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


A WD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


Generates a system reset if an incorrect value is written to the WDRST or if the counter overflows 


A WD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a system 
reset 


Automatic activation of the WD timer upon power-up reset 


INT1 is enabled as a nonmaskable interrupt during low power modes. 


WDCNTR.15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter TICTL2.5 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 
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programmable timer 1 (continued) 


@ Simple counter configuration (see Figure 11) for mask-ROM devices only 


— Simple counter can be configured as an event counter, pulse accumulator, or an internal timer. 


WDCNTR.15-0 


16-Bit WD OVFL 
Watchdog Counter INT FLAG T1CTL2.6 
TICTL2.5 O—————__ Interrupt 


WD OVRFL 
INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


serial peripheral interface 


The SPI is a high-speed synchronous serial I/O port that allows a serial bit stream of programmed length (one 
to eight bits) to be shifted into and out of the device at a programmable bit transfer rate. The SPI normally is 
used for communications between the microcontroller and external peripherals or another microcontroller. 
Typical applications include external I/O or peripheral expansion by way of devices such as shift registers, 
display drivers, and A/D converters. Multi-device communications are supported by the master/slave operation 
of the SPI. The SPI module features include the following: 


® Three external pins 
— SPISOMI: SPI slave output/master input pin or general-purpose bidirectional I/O pin 
— SPISIMO: SPI slave input/master output pin or general-purpose bidirectional I/O pin 
— SPICLK: SPI serial clock pin or general-purpose bidirectional I/O pin 
Two operational modes: Master and slave 
Baud rate: Eight different programmable rates 
— Maximum baud rate in master mode: 2.5M bps at 5-MHz SYSCLK 


SPI BAUD RATE = 2YSCLK 
2k? 


where b=bit rate in SPICCR.5-3 (range 0-7) 

— Maximum baud rate in slave mode: 625K bps at 5-MHz SYSCLK 
for maximum slave SPI BAUD RATE < SYSCLK/8 

Data word format: one to eight data bits 


Simultaneous receiver and transmitter operations (transmit function can be disabled in software) 
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serial peripheral interface (continued) 


@ Transmitter and receiver operations are accomplished through either interrupt-driven or polled algorithms. 
@ Seven SPI module contro! registers located in control register frame beginning at address PO30h 


The SPI module-control registers are illustrated in Table 16. 


Table 16. SPI Module-Control Register Memory Map 


BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
spisw | clock | spiBiT | SPIBIT SPI BIT SPI SPI SPI 
RESET | POLARITY | RATE2 RATE1 RATEO CHAR2 | CHARI CHARO 

RECEIVER | SPI INT MASTER | aay SPI INT 
OVERRUN | FLAG SLAVE ENA 
Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 


SDAT7 SDAT6 SDAT5 SDAT4 SDAT3 SDAT2 SDAT1 SDATO 


Reserved 


SPICLK SPICLK SPICLK SPICLK 
DATA IN DATA OUT | FUNCTION | DATA DIR 
SPISIMO SPISIMO SPISIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION | DATA DIR 
SPI SPI 
STEST PRIORITY 


REG 


SPICCR 


SPICTL 


SPIBUF 


SPIDAT 


SPIPC1 


SPIPC2 


SPIPRI 
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serial peripheral interface (continued) 


The SPI block diagram is illustrated in Figure 12. 


SPIBUF.7-0 RECEIVER 
OVERRUN 

SPIBUF Buffer 
Register SPICTL.7 


SPIPRI.6 


Level 1 INT 


SPI INT FLAG SPICTL.O 
SPICTL.6 


SPIINT ENA oe 


SPIDAT 
Data Register 0 
| 
SPIDAT.7-0 | 
SPICTL.1 | 


O cass rene ome soemeerrer th A 


TALK 


State Control 


SPI CHAR SPICCR.2-0 
ee ee ee -¢— —( SPICTL2 
eae SPIPC1.3-0 
ystem | 
Clock SPICCR.5-3 t:) SPICCR.6 
sta] si CLOCK POLARITY 


SPI BIT RATE 
t The diagram is shown in the slave mode. 


Figure 12. SPI Block Diagram 


instruction set overview 


Table 17 provides an opcode to instruction cross reference of all 73 instructions and 274 opcodes of the 
‘370Cx1x instruction set. The numbers at the top of this table represent the most significant nibble of the opcode 
while the numbers at the left side of the table represent the least significant nibble (LBN). The instruction of these 
two opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 17. TMS370 Family Opcode/Instruction Mapt 


Rs,Rd,ra 
4/11 


Rs,Rd,ra 
4/11 


ADD 
B,A 
1/8 


ADC 
B,A 
1/8 


SUB 
B,A 
1/8 


SBB 
B,A 
1/8 


F 
LDST 
n 
2/6 
MOV 
*n[SP],A 
2/7 


MOV 
A,*n{SP] 
2/7 


CMP 
*n[SP],A 
2/8 


XCHB A/ 
#n,Rd,ra A,Pd,ra B,Pd,ra #n,Pd,ra TSTB 
4/10 3/11 3/10 4/11 1/10 


BTJZ 
#n,Pd,ra 
4/11 


MOVW 
#16[B],Rd 
4/15 


MOV 
*lab[B],A 
3/12 


COMPL COMPL COMPL 
A B Rn 
3/8 3/ 1/8 1/8 2/6 


T All conditional jumps (opcodes 01—O0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 
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Table 17. TMS370 Family Opcode/Instruction Map t(Continued) 


0 1 2 3 


Legend: 
* = Indirect addressing operand prefix 
& = Direct addressing operand prefix 


# = immediate operand 
#16 = immediate 16-bit number 
lab = 16-label 

n = immediate 8-bit number 


MSN 
4 5 6 7 8 


MPY BR 
Rs,Rd lab 
3/48 3/9 


CMP CMP 


Rs,Rd & lab,A 


3/9 3/11 


DAC CALL 
Rs,Rd lab 
3/11 3/13 


DSB CALLR 


Rs,Rd lab 
3/11 3/15 


Pd = Peripheral register containing destination type 


Pn = Peripheral register 


Ps = Peripheral register containing source byte 


ra = Relative address 

Rd = Register containing destination type 
Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 

Rs = Register containing source byte 


T All conditional jumps (opcodes 01-OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


BR 
*Rd 
2/8 


CMP 
*Rs,A 
2/10 


CALL 


“Rd 


2/12 
CALLR 


“Rd 


2/14 


B 
RR 
A 
1/8 
RRC 
A 
1/8 
RL 
A 
1/8 
RLC 
A 
1/8 


Second byte of two-byte instructions (F4xx): 


Cc 
RR 
B 
1/8 
RRC 
B 
1/8 
RL 
B 
1/8 
RLC 
B 
1/8 


F4 
F4 
F4 
F4 
F4 
F4 
F4 


F4 


E 
TRAP 
3 
1/14 


CMP 
*n[Rn],A 
4/18 
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development system support 


The TMS370 family development support tools include an assembler, a C-compiler, a linker, an in-circuit 
emulator XDS/22, CDT and an EEPROM/UVEPROM programmer. 


@ Assembler/linker (Part No. TMDS3740850-02 for PC) 
— Includes extensive macro capability 
— Provides high-speed operation 
— Includes format conversion utilities for popular formats 


@ ANSI C Compiler (Part No. TMDS3740855-—02 for PC, Part No. TMDS3740555—09 for HP700™, Sun-3™ 
or Sun-4™) 


— Generate assembly code for the TMS370 that can be inspected easily 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct reference the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
® CDT370 (Compact Development Tool) real-time in-circuit emulation 
— Base (Part Number EDSCDT370 — for PC, requires cable) 
— Cable for 28-pin DIP (Part No. EDSTRG28DIL) 
— Cable for 28-pin PLCC (Part No. EDSTRG28PLCC) 
— EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Includes compatibility to upload/download program and data memory 
— Execute programs and software routines 
— Includes 1024 samples trace buffer 
— Includes single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
@® XDS/22 in-circuit emulator 
— Base (Part Number TMDS3762210 for PC, requires cable) 
— Cable for 28-pin DIP/PLCC (Part No. TMDS3788828) 


— Contains all the features of the CDT370 described previously but does not have the capability to 
program the data EEPROM and program EPROM 


— Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace 
samples with symbolic disassembly 


— Allows qualification of breakpoints by address and/or data on any type of memory acquisition. Up to four 
levels of events can be combined to cause a breakpoint 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Incorporated. 
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development system support (continued) 


— Provides timers for analyzing total and average time in routines 


— Contains an eight-line logic probe for adding visibility of external signals to the breakpoint qualifier and 
to trace display 


@ Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 28-pin PLCC (Part No. TMDS3780510A) 
— Single unit head for 28-pin DIP (Part No. TMDS3780511A) 
— PC-based, window/function-key-oriented user interface for ease of use and rapid learning environment 
@ Design kit (Part No. TMDS3770110 — for PC) 
— Includes TMS370 Application Board and TMS370 Assembler diskette and documentation 
— Supports quick evaluation of TMS370 functionality 
— Capability to upload and download code 
— Capability to execute programs and software routines, and to single-step executable instructions 
— Software breakpoints to halt program execution at selected addresses 
— Wire-wrap prototype area 
— Reverse assembler 
@® Starter Kit (Part No. TMDX37000 — for PC) 
— Includes TMS370 Assembler diskette and documentation 
— Includes TMS370 Simulator 
— Includes programming adapter board and programming software 
— Does not include (to be supplied by the user) 
— +5 V power supply 
— ZIF sockets 
— Nine-pin RS232 cable 
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device numbering conventions 


Figure 13 illustrates the numbering and symbol nomenclature for the TMS370Cx1x family. 


TMS 370 C 7 12 A FNL 


Prefix: 


Family: 
———— Technology: 
Program Memory Types: 


Device Type: 
Memory Size: 
Temperature Ranges: 


Packages: 


ROM and EPROM Option: 


Standard prefix for fully qualified devices 
System evaluator (window EPROM) that is used for 
prototyping purpose. 


TMS370 8-Bit Microcontroller Family 
CMOS 


Mask ROM 
Mask ROM, No Data EEPROM 
EPROM 


*x1x device containing the following modules: 
— Timer 1 
— Serial Peripheral Interface 


4K bytes 
2K bytes 
8K bytes 


—40°C to 85°C 

0°C to 70°C 
—40°C to 105°C 
Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 
Plastic Dual-In-Line 
Ceramic Dual-in-Line 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 

— A standard watchdog 

— A hard watchdog 

- A simple watchdog 

The clock can be either: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power modes can be either: 

— Enabled 

— Disabled 

For EPROM device, a standard watchdog, a divide-by- 
4 clock, and low-power modes are enabled 

For EPROM device, a hard watchdog, a divide-by-1 
(PLL) clock, and low-power modes are enabled. 


Figure 13. TMS370Cx1x Family Nomenclature 
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device part numbers 


Table 18 provides all of the ’x1x devices available. The device part number nomenclature is designed to assist 
ordering. Upon ordering, the customer must specify not only the device part number, but also the clock and 
watchdog timer options desired. Each device can have only one of the three possible watchdog timer options 
and one of the two clock options. The options to be specified pertain solely to orders involving ROM devices. 


Table 18. Device Part Numbers 


DEVICES PART NUMBERS | DEVICES PART NUMBERS 
FOR 28 PINS (LCC) FOR 28 PINS (DIP) 


TMS370C010AFNA TMS370C010ANA 
TMS370C010AFNL TMS370C010ANL 
TMS370C010AFNT TMS370C010ANT 


TMS370C012AFNA TMS370C012ANA 
TMS370C012AFNL TMS370C012ANL 
TMS370C012AFNT TMS370C012ANT 


TMS370C310AFNA TMS370C310ANA 
TMS370C310AFNL TMS370C310ANL 
TMS370C310AFNT TMS370C310ANT 


TMS370C311AFNA TMS370C311ANA 
TMS370C311 AFNL TMS370C311ANL 
TMS370C311 AFNT TMS370C311ANT 


TMS370C312AFNA TMS370C312ANA 
TMS370C312AFNL TMS370C312ANL 
TMS370C312AFNT TMS370C312ANT 


TMS370C712AFNT TMS370C712ANT 
TMS370C712BFNT TMS370C712BNT 
SE370C712AFZTt SE370C712AuDTt 
SE370C712BFzTt SE370C712BUDTt 
t System evaluators are for use in prototype environment and their 
reliability has not been characterized. 
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new code release form 


Figure 14 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using Tl standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: a 

No: (Std. spec to be followed) 
“If Yes: Customer must provide "print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
{] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
: : Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 
one Sage ity eam : “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
ae ; options. See the TMS370 Family User's Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
{fe be 0° to 70°C (standard) {] 'N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[]’A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
{]'T’: —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization {}] YES {[] NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
TI spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this TI custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 14. Sample New Code Release Form 
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Table 19 is a collection of all the peripheral file frames used in the ’Cx1x (provided for a quick reference). 


Table 19. Peripheral File Frame Compilation 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


System Configuration Registers 
COLD osc PF AUTO OSC FLT MC PIN MC PIN uP/uC 
START POWER WAIT BLAG WPO DATA MODE 
a MEMORY 
DISABLE 
ea PWRDWN/ BUS CPU INT1 PRIVILEGE 
STANDB IDLE STEST TEST NMI DISABLE 
Reserved 
INT1 INT1 INT1 INT14 INT1 
FLAG PIN DATA POLARITY PRIORITY ENABLE 
INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY PRIORITY ENABLE 
INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY PRIORITY ENABLE 


2 eee ey See eee) gies ures a 


Reserved 


Reserved 


PF REG 


P010 SCCRO 


P0O11 SCCR1 


P012 SCCR2 


P013 
to 
P016 


P017 INT1 


P018 INT2 


P019 INT3 


PO1A DEECTL 
P01B 
PO1C 


PO1D 
POIE 
PO1F 


EPCTL 


Digital Port Control Registers 
APORT1 
APORT2 
ADATA 
ADIR 


Reserved 
Port A Control Register 2 (must be 0) 
Port A Data 
Port A Direction 


P020 
P021 
PQ22 
P023 


P024 
to 
P02B 


PO2C 
Po2D 
PO2E 
PO2F 


Reserved 


DPORT1 
DPORT2 
DDATA 
DDIR 


Port D Control Register 1 (must be 0 ee rs, 
Port D Control Register 2 (must be 0)tT eae 8 


Port D Direction 


-_— 
— 


SPI Module Control Register Memory Map 
SPI SW CLOCK SPI BIT SPI BIT SPI BIT SPI SPI SPI 
RESET POLARITY RATE2 RATE1 RATEO CHAR2 CHAR1 CHARO 
RECEIVER SPI INT MASTER/ TALK SPI INT 
OVERRUN FLAG SLAVE ENA 
Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 


T D3 as SYSCLK, set port D control register 2 = O8h. 


P030 SPICCR 


P031 SPICTL 


P032 
to 
P036 


P037 
P038 


SPIBUF 
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Table 19. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
SDAT7 SDAT6 SDATS5 SDAT4 SDAT3 SDAT2 SDAT1 SDATO 


Reserved 


SPICLK SPICLK SPICLK SPICLK 
DATA IN DATA OUT | FUNCTION DATA DIR 
SPISIMO SPISIMO SPISIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
SPI SPI 
STEST RIORITY 


Timer1 Module Register Memory Map 


REG 
SPIDAT 


SPIPC1 


SPIPC2 


SPIPRI 


Modes: Dual-Compare and Capture/Compare 
Bit 15 T1Counter MSbyte Bit8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit 0 
Bit 15 Compare Register MSbyte Bit8 | T1C 
Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit8 | T1iCC 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Watchdog Counter MSbyte Bit8 | WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit 0 
Bit 7 Watchdog Reset Key BitO | WORST 


WD OVRFL | WD INPUT | WD INPUT | WD INPUT T1 INPUT T1 INPUT T1 INPUT 
TAP SELTtT | SELECT2t | SELECT1T | SELECTot SELECT2 SELECT1 SELECTO 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL T1 OVRFL T1 
RST ENAt INT ENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
TIEDGE T1C2 T1C1 TIEDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 MODE=0 T1C1 T1C2 T1C1 T1CR TIEDGE TiCR TIEDGE 
iy OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Capture/Compare 
TIEDGE T1C1 T1EDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 TIEDGE TIEDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Modes: Duai-Compare and Capture/Compare 
TIEVT TIEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
TIPWM TiIPWM TIPWM TI1PWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR DATA 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DIR 
T1 


T Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


P049 T1CTL1 


PO4A TICTL2 


PO4B TICTL3 


P04C T1CTL4 


PO4B TICTL3 


P04C TICTL4 


P04D TIPC1 


PO4E T1PC2 


PO4F T1PRI 


sal TEXAS 
INSTRUMENTS 


5-38 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx1x 
8-BIT MICROCONTROLLER 


SPNS012E — MAY 1987 — REVISED MARCH 1996 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Dry WOMGNIG TGs VO 1800 PIO BE asp asi sss acne ceed egucebehlas fhe ews aed Oh es -0.6Vto7V 
INDUL Voltage: (ange; Al DINGS GMCODLIMG: S55. ci ee ee ee tev een ne yOae SE RUN AS eae eae e's -0.6Vto7V 
MS hi iss sea rnwen tc had fe ake emma -—0.6V to 14V 

Input clamp current, liq (Vj<O Or Vj>VoC) .-- eee eet cece e cece eee e cree ens e ea eneneeees +20 mA 
OUD UE CHRIS COE Ar OF Ve eae in a ect enw wl ik nee Hea pt +20 mA 
Continuous output current per buffer, Io (Vo = 0 to Vec)) (see Note 2) ........ eee eee eee +10 mA 
Reeth tN So ae oc eee an siete eg so Shs a Sache ha gw 45g on ee eS Sha ET 170 mA 
RR ant eR RN las resis Saher Maeght so = vo a ci CMR Sind an Det aeate aa baa ee ag aki -—170mA 
CoM LIS OWE INORINRIION © oo. cb os Ce et eS ak ban ne nd bad as beds ces side eon teh 500 mW 
Operating free-air temperature range, Ta: L version ............ 2c ccc e eee 0°C to 70°C 
Pen. PSU as le Mba rea kaa get —40°C to 85°C 

DEI ies kk A oA cen oo Has 5 Le —40°C to 105°C 

Storage temperature range, Tsig ..... PMR ir Kin Sk Gate aS wa Gals © ox aids ae CE —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vss. 

2. Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in 
any buffer can affect the levels on other buffers. 


recommended operating conditions 


y Supply voltage (see Note 1) 
ce RAM data-retention supply voltage (see Note 3) 
; All pins except MC 
VIL Low-level input voltage , 
MC, normal operation 


All pins except MC, XTAL2/CLKIN, and 


RESET 2 


ViH_ _ High-level input voltage XTAL2/CLKIN 0.8 Vcc VCC 


EEPROM write protect override (WPO) 
Vac MC (mode control) voltage 


L version 


A version 
T version 


1. Unless otherwise noted, all voltage values are with respect to Vss. 
3. RESET must be externally activated when Voc or SYSCLK is not within the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS TYP MAX} UNIT 
VOL Low-level output voltage lol = 1.4 mA Birra ri 4 ee ai 
lo =—50 pA 0.9Vcc oN | 


VOH High-level output voltage 
IOH =—-2mA 
OV<sV\)<s0.3V 
< 
MC 03V<V)<13V 


Input current See Note 4 


12V<V)<13V 


MIN 

V 
: 
Pipes 
I/O pins OV<Vi< VCC - 
lIOL Low-level output current VoL =0.4V A 
lOH High-level output current fi oe 


See Notes 5 and 6 
SYSCLK = 5 MHz 


Supply current (operating mode) See Notes 5 and 6 13 25 - 
OSC POWER bit = 0 (see Note 7) SYSCLK = 3 MHz mn 
See Notes 5 and 6 5 41 
SYSCLK = 0.5 MHz 
See Notes 5 and 6 
SYSCLK = 5 MHz sins em 
Supply current (STANDBY mode) See Notes 5 and 6 65 11 A 
ie OSC POWER bit = 0 (see Note 8) SYSCLK = 3 MHz ” 
See Notes 5 and 6 5 3.5 
SYSCLK = 0.5 MHz : 
See Notes 5 and 6 45 8.6 
Supply current (STANDBY mocle) SYSCLK = 3 MHz a 
OSC POWER bit = 1 (see Note 9) See Notes 5 and6 
SYSCLK = 0.5 MHz 


NOTES: 4. Input current lpp is a maximum of 50 mA only when you are programming EPROM. 

5. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or = Vcc — 0.2V. 

6. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. AtS5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

7. Maximum operating current = 5.6 (SYSCLK) + 8 mA. 

Maximum standby current = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 
9. Maximum standby current = 2.24 (GYSCLK) + 1.9 mA. (OSC POWER bit = 1, only valid up to 3 MHz SYSCLK). 


| mA 


mA 


& 
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XTAL2/CLKIN 


XTAL2/CLKIN 


i 


C1 Crystal/Ceramic C2 
(see Note B) ae Resonator be (see Note B) External 


(see Note A) Clock Signal 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 
B. The values of C1 and C2 are typically 15 pF and the value of C3 is typically 50 pF. See the manufacturer’s recommendations for 
ceramic resonators. 


Figure 15. Recommended Crystal/Clock Connections 


C3 
ec (see Note B) 


Load Voltage 
1.2 kQ 


Vo 
20 pF 


as 


Case 1: Vo = VoH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 
NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 16. Typical Output Load Circuit (See Note A) 


Vcc 


Pin Data 


Output 
Enable 


Figure 17. Typical Buffer Circuitry 


sal TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 5-41 


TMS370Cx1x 
8-BIT MICROCONTROLLER 


SPNSO12E — MAY 1987 — REVISED MARCH 1996 
PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AR Array SC SYSCLK 
B Byte SIMO SPISIMO 
Cl XTAL2/CLKIN SOMI SPISOMI 
M Master mode SPC  SPICLK 
S Slave mode 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) Su setup time 

d delay time V valid time 

f fall time Ww pulse duration (width) 
r rise time 


The following additional letters are used with these meanings: 


H High 
L Low 
V Valid 


All timings are measured between high and low measurement points as indicated in Figure 18 and Figure 19. 


fe ae ae 0.8 Vcc V (High) eke Eee 2 V (High) 
stabs anes oti — __ 0.8 V (Low) — a ee — — 0.8 V (Low) 


Figure 18. XTAL2/CLKIN Measurement Points Figure 19. General Measurement Points 
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external clocking requirements for clock divided by 4 (see Note 10 and Figure 20) 


twiCl Pulse duration, XTAL2/CLKIN (see Note 11) Tae Spee 
(Cl Rise time, XTAL2/CLKIN oe ee 


z 
[CLKIN, Crystal operating frequency SSSCS™S~CSCSCSCSCSSSS | 
SYSCLK Internal system clock operating frequencyt me i Se 


T SYSCLK = CLKIN/4 
NOTES: 10. For Viz and Vip, refer to recommended operating conditions. 
11. This pulse may be either a high pulse which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


+-1-> 


| ie 2 


y_ 
a 


+> 4 


SYSCLK / os wierean eS iateehnndt cae (cia ain aati a 


Figure 20. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL) (see Note 10 and Figure 21) 


<r 
tw(Cl Pulse duration, XTAL2/CLKIN (see Note 11) Sey Beane Se ES 
ih eee 
Sel ee OO a 
4 [taicin-somy Delay ime, XTALZICLKIN ise tw SYSCLK ee SSCS SSC 
ra Csleeatingteueny ee 
[[svscik Internal system clock operating requengy#——SSSCSCSC~“~“‘“<~C~sCSt Se 


+ SYSCLK = CLKIN/1 
NOTES: 10. For Vi, and Vip, refer to recommended operating conditions. 
11. This pulse can be either a high pulse which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


uae 
or ie Sj ees emer Aaa \ taleey ee 
| | 
| | 
> 2 aes at 


SYSCLK ee 


Figure 21. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 12 and Figure 22) 


7 Divide by 4 200 
B.hts Cycle time, SYSCLK Divide by 1 200 500 
ivideby1 | 200 _500_| 


| 6 | twscL Pulse duration, SYSCLK low O.5t—-20 05te 
tw(SCH Pulse duration, SYSCLK high O5te 05t¢+20 


NOTE 12: t. = system-clock cycle time = 1/SYSCLK 


Naar 


Figure 22. SYSCLK Timing 


general purpose output signal switching time requirements (see Figure 23) 


eee Cg ee See 2) ee eS 
Miele eee ee ee 
Pies = oe ee es eee 


OP es 
| 

pl et a 
> < tf 


Figure 23. Signal Switching Timing 


recommended EEPROM timing requirements for programming 


gh GRRE eR RA AR eA 7 SS Sa 
tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) GT Roe a 
tw(PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) oe Re ee 


recommended EPROM operating conditions for programming 


ee eee ge se ee) eo 7 co kr 
Ipp Supply current at MC pin during programming (Vpp = 13 V) 


Divide by 4 0.5 5 
SYSCLK System clock — MHz 
OL eel Gy pe 


recommended EPROM timing requirements for programming 


tw(/EPGM Pulse duration, programming signal (see Note 13) 0.40 0.50 3 ine 4 
NOTE 13: Programming pulse is active when both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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SPI master mode external timing characteristics and requirements (see Note 12 and Figure 24) 


tw(SPCL)M Pulse duration, SPICLK low to -— 45 
tw(SPCH)M Pulse duration, SPICLK high te-55 0.5te¢gpc)+45 
td(SPCL-SIMOV)M Delay time, SPISIMO valid after SPICLK low (polarity = 1) 65 50 


2 


Valid time, SPISOMI data valid after SPICLK high 
'W(SPCH-SOMI)M (polarity = 1) 


NOTE 12: te = system-clock cycle time = 1/SYSCLK 


oi IONIC as. a AER 
| | 
| i CSPI AS ci 
| }¢—— 39 —_> | | 


| 
SPICLK Bigs. Cree Bee eee cee 


apie Sag or re 


SPISIMO QOQQOQYYYY =i Valid RORY 
43 > 
| wm ie 44 


Oe ee XX XXX) , Ex CM eK ROK 
PO OY 


NOTE A: The diagram is for polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 24. SPI Master External Timing 


SPISOMI 


So 


L\ Z\ 
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SPI slave mode external timing characteristics and requirements (see Note 12 and Figure 25) 


eae ee eee ee ae 
Pai thee to oumenmak se ee ae 
468 [iwspcys Pulse duration, SPIGLKIow SSCS SPONSE | Te 
a7_Pwispcus Pulse duration, SPICLKhigh __———S*dS tg = SOS SP CNSHAS | Ts 
a(SPCL-SOMV)S Delay time, SPISOMI vald afer SPICLK ow (polany=1) [3.254120] ne 

Crs 

enTaa 


8t¢ 
tv/(SPCH-SOMI)S _ Valid time, SP!SOMI data valid after SPICLK high (polarity =1) tw(SPCH)S 
tsu(SIMO-SPCH)S__ Setup time, SPISIMO to SPICLK high (polarity = 1) fee Ge eae 
ty(SPCH-SIMO)S _ Valid time, SP!SIMO data after SPICLK high (polarity = 1) 3tc + 100 


NOTE 12: tg = system-clock cycle time = 1/SYSCLK 


(ee 
| | 
: +47 > 
| }*— 46 SS od | | 
| 
<m 48 ag So 
migimaey oo e coh ta KKK 
+ 50 > 
| ol fe 51 


XXX WYO) XXX \/ KOXX KX KIO? 
SPISOMI QOXXKX NY OOO) 


NOTE A: The diagram is for polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 25. SPI Slave External Timing 


vy TEXAS 
INSTRUMENTS 


5-46 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx1x 
8-BIT MICROCONTROLLER 


SPNS012E — MAY 1987 — REVISED MARCH 1996 


Table 20 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 20. TMS370Cx1x Family Package Type and Mechanical Cross-Reference 


ance Naiee TMS370 GENERIC NAME tice ta apie DEVICE PART NUMBERS 


TMS370C010AFNA 
TMS370C010AFNL 
TMS370C010AFNT 
TMS370C012AFNA 
TMS370C0012AFNL 
TMS370C012AFNT 
TMS370C310AFNA 
TMS370C310AFNL 
TMS370C310AFNT 
TMS370C311AFNA 
TMS370C311AFNL 
TMS370C311AFNT 
TMS370C312AFNA 
TMS370C312AFNL 
TMS370C312AFNT 
TMS370C712AFNT 
TMS370C712BFNT 


FZ — 28 pin CERAMIC LEADED CHIP CARRIER FZ(S-CQCC-J**) J-LEADED CERAMIC SE370C712AFZT 
(50-mil pin spacing) | (CLCC) CHIP CARRIER SE370C712BFZT 
JD - 28 pin CERAMIC DUAL-IN-LINE PACKAGE _ | JD(R-CDIP-T**) CERAMIC SIDE-BRAZE SE370C712AJDT 
(100-mil pin spacing) | (CDIP) DUAL-IN-LINE PACKAGE SE3700712BJDT 


TMS370C010ANA 
TMS370C010ANL 
TMS370C010ANT 
TMS370C012ANA 
TMS370C012ANL 
TMS370C012ANT 
TMS370C310ANA 
TMS370C310ANL 
TMS370C310ANT 
TMS370C311ANA 
TMS370C311ANL 
TMS370C311ANT 
TMS370C312ANA 
TMS370C312ANL 
TMS370C312ANT 
TMS370C712ANT 
TMS370C712BNT 


FN — 28 pin PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED 
(50-mil pin spacing) | (PLCC) CHIP CARRIER 


N — 28 pin PLASTIC DUAL-IN-LINE PACKAGE N(R-PDIP-T**) PLASTIC DUAL-IN-LINE 
(100-mil pin spacing) | (PDIP) PACKAGE 
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CMOS/EEPROM/EPROM Technologies on 
a Single Device 
— Mask-ROM Devices for High-Volume 
Production 
— One-Time-Programmablie (OTP) EPROM 
Devices for Low-Volume Production 
— Reprogrammable-EPROM Devices for 
Prototyping Purposes 
Internal System Memory Configurations 
— On-Chip Program Memory Versions 
— ROM: 4K or 8K Bytes 
— EPROM: 8K Bytes 
—- Data EEPROM: 256 Bytes 
— Static RAM: 256 Bytes Usable as 
Registers 
Flexible Operating Features 
— Low-Power Modes: STANDBY and HALT 
— Commercial, Industrial, and Automotive 
Temperature Ranges 
— Clock Options 
— Divide-by-1 (2 MHz—5 MHz SYSCLK) PLL 
— Divide-by-4 (0.5 MHz—5 MHz SYSCLK) 
— Supply Voltage (Vcc) 5 V +10% 
16-Bit General-Purpose Timer 
— Software Configurable as 
a 16-Bit Event Counter, or 
a 16-Bit Pulse Accumulator, or 
a 16-Bit Input Capture Function, or 
Two Compare Registers, or a 
Self-Contained Pulse-Width-Modulation 
(PWM) Function 
— Software Programmable Input Polarity 
— 8-Bit Prescaler, Providing a 24-Bit 
Real-Time Timer 
On-Chip 24-Bit Watchdog Timer 
— Mask-ROM Devices: Hard Watchdog, 
Simple Counter, or Standard Watchdog 
Flexible Interrupt Handling 
Serial Peripheral Interface (SPI) 
Serial Communications Interface 1 (SCI1) 
TMS370 Series Compatibility 
Register-to-Register Architecture 
— 128 or 256 General-Purpose Registers 
14 Powerful Addressing Modes 
Instructions Upwardly Compatible With 
All TMS370 Devices 
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FN AND FZ PACKAGES 
(TOP VIEW) 


44 43 42 41 40 
MC 


XTAL2/CLKIN 
XTAL1 
T1IC/CR 


OwWW WwW Ww 


SPISOMI 
SPISIMO 
SPICLK 
NC 


SSZSRSERRKEVES 


MO woOW Ww 


18 19 20 21 22 23 24 25 26 27 28 


= OS + OO ow oO hk 
QeVGAGHESBaRG 


JC, JD, N AND NJ PACKAGES 
(TOP VIEW) 


Bi 

BO 
SCITXD 
SCIRXD 
SCICLK 
D5 

MC 
XTAL2/CLKIN 
XTAL1 
T1IC/CR 
TIPWM 
TIEVT 
SPISOMI 
SPISIMO 
SPICLK 


CMOS/TTL Compatible I/O Pins/Packages 

— All Peripheral Function Pins Software 
Configurable for Digital I/O 

— 33 Bidirectional Pins, 1 Input Pin 

— 44-Pin Plastic and Ceramic Leaded Chip 
Carrier (LCC) Packages 

— 40-Pin Plastic and Ceramic Dual-In-Line 
(DIP) Packages 

Workstation/PC-Based Development 

System 

— C Compiler and C Source Debugger 

— Real-Time In-Circuit Emulation 

Extensive Breakpoint/Trace Capability 

Multi-Window User Interface 

— Microcontroller Programmer 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


PRODUCTION DATA information is current as of publication date. a Copyright © 1996, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments ‘| 

standard warranty. Production processing does not necessarily include 

testing of all parameters. I EXAS 
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Pin Descriptions 


DIP PLCC | TYPET DESCRIPTION 
(40) (44) 


Port A pins are general-purpose bidirectional I/O ports. 


Port B pins are general-purpose bidirectional I/O ports. 


External interrupt (non-maskable or maskable) general-purpose input pin 
External maskable interrupt input/general-purpose bidirectional pin 
External maskable interrupt input/general-purpose bidirectional pin 


T1IC/CR Timer 1 input-capture/counter-reset input pin/general-purpose bidirectional pin 
TIPWM Timer 1 pulse width modulation output pin/general-purpose bidirectional pin 
TIEVT Timer 1 external event-input pin/general-purpose bidirectional pin 


SPISOMI SPI slave output pin, master input pin/general-purpose bidirectional pin 
SPISIMO SPI slave input pin, master output pin/general-purpose bidirectional pin 
SPICLK SPI bidirectional serial clock pin/general-purpose bidirectional pin 


SCITXD SCI transmit data output pin/general-purpose bidirectional pint 
SCIRXD SCI receive data input pin/general-purpose bidirectional pin 
SCICLK SCI bidirectional serial clock pin/general-purpose bidirectional pin 


System reset bidirectional pin; as input, RESET initializes microcontroller; as open-drain 
output, RESET indicates an internal failure was detected by the watchdog or oscillator fault 
circuit. 


Mode control-input pin. MC enables the EEPROM write-protection override (WPQO) mode and 
EPROM Vpp. 


Internal oscillator crystal input/external clock source input 
Internal oscillator output for cso 
Positive supply voltage 


No connections 


T | = input, O = output 
+ The three-pin configuration SCI is referred to as SCI1. 
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functional block diagram 


XTAL2/ 
INT1 INT2 INT3 XTAL1 CLKIN MC RESET 


Clock Options: suet 
Interrupts Divide-By-4 or _ voli ah 
Divide-By-1 (PLL) oe 


RAM 
256 Bytes 


Program Memory 
ROM: 4K or 8K Bytes 
EPROM: 8K Bytes 


Data EEPROM 
256 Bytes 


Serial 
Communications 
Interface 1 


Serial 
Peripheral 
Interface 
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SCIRXD 
SCITXD 
SCICLK 


SPISOMI 
SPISIMO 
SPICLK 


T1IC/CR 
TIEVT 
TIPWM 


Watchdog 


Vcc 
Vss 
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The TMS370C020A, TMS370C022A, TMS370C320A, TMS370C322A, TMS370C722, and SE370C722 
devices are members of the TMS370 family of single-chip 8-bit microcontrollers. Unless otherwise noted, the 
term TMS370Cx2x refers to these devices. The TMS370 family provides cost-effective real-time system control 
through integration of advanced peripheral modules and various function on-chip memory configurations. 


The TMS370Cx2x family uses high-performance silicon-gate CMOS EPROM and EEPROM technology. Low 
operating power, wide operating temperature range, and noise immunity of CMOS technology coupled with the 
high performance and extensive on-chip peripheral functions make the TMS370Cx2x devices attractive in 

system designs for automotive electronics, industrial motor, computer peripheral controls, telecommunications, 
and consumer applications. 


All TMS370Cx2x devices contain the following on-chip peripheral modules: 
@ Serial peripheral interface (SPI) 

@ Serial communications interface 1 (SCI1) 

@ One 24-bit general-purpose watchdog (WD) timer 

@ One 16-bit general-purpose timer with an 8-bit prescaler 


Table 1 lists memory configurations of the TMS370Cx2x devices. 


Table 1. Memory Configurations 


PROGRAM MEMORY (BYTES) DATA MEMORY (BYTES) 


PIN/PACKAGES 


44/FN-PLCC 
40/N-DIP 
40/NJ+-PSDIP 


44/FN-PLCC 
40/N-DIP 
40/NJ+-PSDIP 


44/FN-PLCC 
40/N-DIP 
40/NJ+-PSDIP 


44/FN-PLCC 
TMS370C322A 40/N-DIP 
40/NJ+-PSDIP 
’ 44/FN-PLCC 
TMS370C722 40/N-DIP 
40/NJ+-PSDIP 
44/FZ-CLCC 
SE370C722T 8K 256 256 40/JD-CDIP 
40/JC-CSDIP 


Tt System evaluators and development tools are for use only in a prototype environment, and their reliability has not been characterized. 
+ The NJ designator for the 40-pin plastic shrink DIP package was formerly known as N2. The mechanical drawing of the NJ is identical to the N2 
package and did not need to be requaiifiec. 


The suffix letter A appended to the device names in Table 1 indicates the configuration of the devices. ROM 
or EPROM devices have different configurations as indicated in Table 2. ROM devices with the suffix letter A 
are configured through a programmable contact during manufacture. 
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description (continued) 


Table 2. Suffix Letter Configuration 


DEVICEt WATCHDOG TIMER CLOCK LOW-POWER MODE 
EPROM without A Divide-by-4 (Standard oscillator) Enabled 


Standard 
ROM A Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


tT Refer to the “device numbering conventions’ section for device nomenclature and the “device part numbers’ section for ordering. 


The 4K bytes and 8K bytes of mask-programmable ROM in the TMS370C020, TMS370C022, TMS370C320, 
and TMS370C322 are replaced in the TMS370C722 and SE370C722 with 8K bytes of EPROM. All other 
available memory and on-chip peripherals are identical, except there are no data EEPROMs on the 
TMS370C320 and TMS370C322 devices. OTP (TMS370C722) devices and the reprogrammable device 
(SE370C722) are available. 


TMS370C722 (OTP) devices are in plastic packages. This microcontroller is effective to use for immediate 
production updates for other members of the TMS370Cx2x family or for low-volume production runs when the 
mask charge or cycle time for the low-cost mask ROM devices is not practical. 


The SE370C722 has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the prototyping phase of design. These SE370C722 devices allow quick updates to breadboards and 
prototype systems while creating multiple initial designs. 


The TMS370Cx2x family provides two low-power modes (STANDBY and HALT) for applications where low 
power consumption is critical. Both modes stop all central processing unit (CPU) activity (that is, no instructions 
are executed). In the STANDBY mode, the internal oscillator, the general-purpose timer, and the SCI receiver 
start-bit detection remain active. In the HALT mode, all device activity is stopped. The device retains all RAM 
data and peripheral configuration bits throughout both low-power modes. 


The TMS370Cx2x features advanced register-to-register architecture that allows arithmetic and logical 
operations without requiring an accumulator (e.g., ADD R24, R47; add the contents of register 24 to the contents 
of register 47 and store the result in register 47). The TMS370Cx2x family is fully instruction-set-compatible, 
providing easy transition between members of the TMS370 8-bit microcontroller family. 


The SPI provides a convenient method of serial interaction for high speed communications between simpler 
shift-register type devices, such as display drivers, analog-to-digital (A/D) converter, PLL, I/O expansion, or 
other microcontrollers in the system. 


The TMS370Cx2x devices have two operational modes of serial communications provided by the SCI1 module. 
The SCI1 allows standard RS-232-C communications with other common data transmission equipment. 


The TMS370Cx2x family provides the system designer with an economical, efficient solution to real-time control 
applications. The TMS370 family extended development system (XDS™) and compact development tool 
(CDT™) meet the challenge of efficiently developing the software and hardware required to design the 
TMS370Cx2x into complex applications. The application source code can be written in assembly and C 
language, and the output code can be generated by the linker. The TMS370 family XDS development tool 
communicates through a standard RS-232-C interface with a personal computer. This allows the use of the 
personal computer editors and software utilities already familiar to the designer. The TMS370 family XDS 
emphasizes ease-of-use through extensive menus and screen windowing so that a system designer can begin 
developing software with minimal training. Precise real-time in-circuit emulation and extensive symbolic debug 
and analysis tools ensure efficient software and hardware implementation as well as a reduced time-to-market 
cycle. 


XDS and CDT are trademarks of Texas Instruments Incorporated. 
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central processing unit (CPU) 


The TMS370Cx2x device uses the high-performance 8-bit TMS370 CPU module. The ’x2x uses an efficient 
register-to-register architecture that eliminates the conventional accumulator bottleneck. The complete ’x2x 
instruction map is shown in Table 17 in the instruction set overview section. 


The ’370Cx2x CPU architecture provides the following components: 
@ CPU registers: 


A stack pointer that points to the last entry in the memory stack 


A status register that monitors the operation of the instructions and contains the global interrupt-enable 
bits 


A program counter that points to the memory location of the next instruction to be executed 


@ Memory blocks: 


256-byte general-purpose RAM that can be used for data memory storage, program instructions, 
general purpose register, or the stack 


A peripheral file that provides access to all internal peripheral modules, system-wide control functions, 
and EEPROM/EPROM programming control 


256-byte EEPROM module, that provides in-circuit programmability and data retention in power-off 
conditions 


4K- or 8K-byte ROM or 8K-byte EPROM 


Figure 1 illustrates the CPU registers and memory blocks. 


6-8 


v5 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx2x 
8-BIT MICROCONTROLLER 


SPNS018B — FEBRUARY 1993 — REVISED MARCH 1996 


central processing unit (CPU) (continued) 


15 a Counter 0 


7 Stack Pointer (SP) 0 Legend: 
C=Carry 
N=Negative 
Status Register (ST) 2=Zero 


PC IN |Z | v fie2| 1e1] — |— | V=Overflow 
T° 858+ es oe Be oe IE2=Level 2 interrupts Enable 
1E1=Level 1 interrupts Enable 


256-Byte RAM (0000h—00FFh) 


Peripheral File 


256-Byte Data EEPROM 


Not Availablet 


RAM (Includes up to 256-Byte Registers File) 


8K-Byte ROM/EPROM (6000h-7FFFh) 


interrupts and Reset Vectors; 
Trap Vectors 


: 4K-Byte ROM (7000h-7FFFh) 


T Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


Figure 1. Programmer’s Model 


stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. Typically the stack 
is used to store the return address on subroutine calls as well as the status register contents during interrupt 
sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 
onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 
on-chip RAM. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits. 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional-jump instructions) use the status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 
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central processing unit (CPU) (continued) 


The ST, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Registers 


fa 6 5 4 3 2 1 0 
RW-0 RW-0 RW--0 RW-0 RW-0 RW-0 


R = read, W = write, 0 = value after reset 
program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most significant byte (MSbyte) and least significant byte (LSbyte) of a 16-bit address. 


During reset, the contents of the reset vector (7FFEh, 7FFFh) are loaded into the PC. The PCH (MSbyte of the 
PC) is loaded with the contents of memory location 7FFEh, and the PCL. (LSbyte of the PC) is loaded with the 
contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 6000h as the 
contents of the reset vector. 


Program Counter (PC) 
Memory PCH PCL 


sth Ber’. Sule ae ee 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx2x architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. As shown in Figure 3, the TMS370Cx2x provides memory-mapped RAM, ROM, EPROM, data 
EEPROM, I/O pins, peripheral functions, and system-interrupt vectors. 


The peripheral file contains all |/O port control, peripheral status and control, EEPROM, EPROM, and 
system-wide control functions. The peripheral file is located between 1010h to 105Fh and is divided logically 
into five peripheral file frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through 
which peripheral control and data information is passed. 
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memory map (continued) 


0000h 
256-Byte RAM (Register File/Stack) 
Reservedt 1000h — 100Fh 
OOFFh 
0100h System Control 1010h — 101Fh 
Reservedt 
OFFFh Digital Port Control 1020h — 102Fh 
1000h : : 1030h —- 103Fh 
Peripheral File 
10FFh Timer 1 Control 1040h — 104Fh 


ahOoh SCI1 Control 1050h — 105Fh 
Reservedt 
1EFFh Reservedt 1060h - 10FFh 
1F00h 
256-Byte Data EEPROM 
1FFFh 


pie Vectors 
Not Availablet Trap 15-0 7FCOh - 7FDFh 
5FFFh 
6000h Reservedt 7FECh — 7FEDh 
é 8K-Byte Reservedt 7FEEh — 7FEFh 
ane Program Memory Serial Communication Interface TX | 7FFOh - 7FF1h 
: oon) Serial Communication Interface RX | 7FF2h — 7FF3h 
7FFFh 
8000h Timer 1 7FF4h — 7FF5h 


Serial Peripheral Interface 7FF6h — 7FF7h 
7FF8h — 7FF9h 
7FFAh — 7FFBh 
7FFCh — 7FFDh 
7FFEh — 7FFFh 


Not Availablet 


FFFFh 


Tt Reserved means the address space is reserved for future expansion. 
Not available means the address space is not accessible. 


Figure 3. TMS370Cx2x Memory Map 
RAM/register file (RF) 


Locations within the RAM address space can serve as the RF, general-purpose read/write memory, program 
memory, or stack instructions. The TMS370Cx2x contains 256 bytes of internal RAM mapped beginning at 
location 0000h (RO) and continuing through location OOFFh (R255). 


The first two registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 


peripheral file (PF) 


The TMS370Cx2x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decimal designator. For example, the system-control register 0 (SCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is P010, and its decimal designator is P16. Table 4 
shows the TMS370Cx2x PF address map. 
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peripheral file (PF) (continued) 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


Table 4. TMS370Cx2x Peripheral File Address Map 


data EEPROM 


The TMS370Cx2x devices contain 256 bytes of data EEPROM and are memory mapped beginning at location 
1FOOh and continuing through location 1FFFh. Writing to the data EEPROM module is controlled by the data 
EEPROM control register (DEECTL) and the write-protection register (WPR). Programming algorithm 
examples are available in the TMS370 Family User’s Guide (literature number SPNU127) or the 
7TMS370 Family Data Manual (literature number SPNS014B). The data EEPROM features include the following: 


@ Programming: 
— Bit-, byte-, and block-write/erase modes 
— Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the DEECTL located in the PF frame 
beginning at location PO1A. See Table 5. 


—  In-circuit programming capability. There is no need to remove the device to program it. 
@ Write protection. Writes to the data EEPROM are disabled during the following conditions. 

— Reset. All programming of the data EEPROM module is halted. 

— Write protection active. There is one write-protect bit per 32-byte EEPROM block. 

— Low-power mode operation 


@ Write protection can be overridden by applying 12 V to MC. 


Table 5. Data EEPROM and Program EPROM Control Registers Memory Map 


[ADDRESS | syweOL[——SONAME 
ree po OE RS aged eer Te CO hare 
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The TMS370C722 and SE370C722 devices contain 8K bytes of program EPROM mapped, beginning at 
location 6000h and continuing through location 7FFFh, as shown in Figure 3. Reading the program EPROM 
modules is identical to reading other internal memory. During programming, the program EPROM is controlled 
by the EPROM control register (EPCTL). The program EPROM module features include: 


@® Programming 
—  In-circuit programming capability if Vpp is applied to MC 


— Control register: EPROM programming is controlled by the EPROM control register (EPCTL) located in 
the peripheral file (PF) frame at location PO1C as shown in Table 5. 


@ Write protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset: All programming to the EPROM module is halted 
— Low-power modes 
— 13V not applied to MC 


program ROMT 


The program ROM consists of 4K or 8K bytes of mask programmable read-only memory (see Table 6). The 
program ROM is used for permanent storage of data or instructions. Programming of the mask ROM is 
performed at the time of device fabrication. 


Table 6. Program ROM Memory Map 


4K bytes 8K bytes 
Memory mapped 4 7000h—7FFFh 6000h—7FFFh 


system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx2x CPU-based device. 
Three actions can cause a system reset. Two of these actions are internally generated, while one (RESET) is 
controlled externally. These actions are as follows: 


@® Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer timeout . See the TMS370 Family 
User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual (literature number 
SPNS014B) for more information. 


® Oscillator reset. Reset occurs when the oscillator operates outside the recommended operating range. See 
the TMS370 Family User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual 
(literature number SPNSO14B) for more information. 


@® External RESET Pin. A low-level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 Family User’s Guide (literature number SPNU127) or the 7MS370 Family Data Manual (literature 
number SPNSO14B) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x2x device to reset external system components. Additionally, if a cold start (Vcc is off 
for several hundred milliseconds) condition or oscillator failure occurs or RESET pin is held low, then the reset 
logic holds the device in a reset state for as long as these actions are active. 


t Memory addresses 7FFOh through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP15 
instructions are located between addresses 7FCOh and 7FDFh. 
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system reset (continued) 


After a reset, the program can check the oscillator fault flag, the cold start flag and the watchdog reset to 
determine the source of the reset. A reset does not clear these flags. Table 7 lists the reset sources. 


Table 7. Reset Sources 


[eGisTen | ADDRESS | PF | BITNO. | CONTROLEN |  SOURCEOFRESET | 
[rena [oan Poaa | 5] WD OVRFLINT FLAG | Watchdog timer timeout 


Once a reset is activated, the following sequence of events occurs: 

The CPU registers are initialized: ST = OOh, SP = Oth (reset state). 

Registers A and B are initialized to 0OOh (no other RAM is changed). 

The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


Rg EAE Sy ih 


Program execution begins with an opcode fetch from the address pointed to by the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


RESET must be held low until the clock signal is valid and Vcc is within the operating range, when an external 
reset circuit is connected to RESET. Figure 4 shows a typical reset circuit. 


Vec To Other Device Resets 


TMS370 


Reset In 


4 Reset Out 


Figure 4. Typical Reset Circuit 
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interrupts 


The TMS370 family software-programmable interrupt structure supports flexible on-chip and external-interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware-interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be enabled independently by the global-interrupt enable bits (IE1 and IE2) 
of the status register. 


Each system interrupt is configured independently on either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is configured selectively on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion to future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370Cx2x has seven hardware system interrupts (plus RESET) as shown in Table 8. Each system 
interrupt has a dedicated interrupt vector located in program memory through which control is passed to the 
interrupt service routines. A system interrupt can have multiple interrupt sources (e.g., SCl RXNT has two 
interrupt sources). All of the interrupt sources are individually maskable by local interrupt-enable control bits in 
the associated peripheral file. Each interrupt source FLAG bit is individually readable for software polling or for 
determining which interrupt source generated the associated system interrupt. 
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interrupts (continued) 


EXT INT 3 


oes 
EXT INT 2 
O 


TIMER 1 ——O 
INT3 PRI 


Overflow —o~~< 
Compare ae 
Ext Edge eh 
Compare2 acme Se 


CPU 


Input Capture 1 —o~ 
Watchdog acy 
O 


Priority 


Logic 


Level 1 INT 
Level 2 INT 


ee 


SCli INT ; S SPI INT 


SPI PRI 
O) 
O © © 
TXPRI RXPRI 
oe “\_ BRKDT 
TXRDY 
Spl —o~ 


Figure 5. Interrupt Control 


Four of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are 
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input 
polarity (rising or falling) for ease of system interface. External interrupt INT1 is software configurable as either 
a maskable or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked by the 
individual- or global-enable mask bits. The INT1 NMI bit is protectec| during non-privileged operation and 
therefore should be configured during the initialization sequence following reset. To maximize pin flexibility, 
external interrupts INT2 and INT3 can be software configured as general-purpose input/output pins if the 
interrupt function is not required (INT1 can be similarly configured as an input pin). 
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interrupts (continued) 


INTERRUPT SOURCE 


External RESET 


Table 8. Hardware System Interrupts 
SYSTEM VECTOR 
INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
COLD START 
Watchdog Overflow WD OVRFL INT FLAG RESETH 7FFEh, 7FFFh 
Oscillator Fault Detect OSC FLT FLAG 


Timer 1 Compare 1 T1C1 INT FLAG 
Timer 1 Compare 2 

Timer 1 External Edge 
Timer 1 Input-Capture 


T1C2 INT FLAG 
T1EDGE INT FLAG 
T1IC INT FLAG 


Timer 1 Overflow T1 OVRFL INT FLAG 
T1INTS 7FF4h, 7FF5h 


Watchdog Overflow WD OVREL INT FLAG 

SCI RX Data Register Full RXRDY FLAG 

SCI RX Break Detect BRKDT FLAG RXINT# SES aes TaD : 
SCI TX Data Register Empty TXRDY FLAG TXINT 7FFOh, 7FF1h 


tT Relative priority within an interrupt level. 
+ Releases microcontroller from STANDBY and HALT low-power modes. 
§ Releases microcontroller from STANDBY low-power mode. 


privileged operation and EEPROM write-protection override 


The TMS370Cx2x family enables the designer to software-configure the system and peripherals to meet the 
requirements of a broad variety of applications. The non-privileged mode of operation ensures the integrity of 
the system configuration once defined for an end application. Following a hardware reset, the TMS370Cx2x 
operates in the privileged mode where all peripheral file registers have unrestricted read/write access and the 
application program configures the system during the initialization sequence following reset. As the last step 
of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is set to 1, causing the device to enter the 
non-privileged mode, thus disabling write operations to specific configuration control bits within the peripheral 
file. The system configuration bits listed in Table 9 are write-protected during the non-privileged mode and must 
be configured by software prior to exiting the privileged mode. 
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privileged operation and EEPROM write-protection override (continued) 


Table 9. Privileged Bits 


REGISTER? CONTROL BIT 
| NAME | ___LOCATION 
P010.5 PF AUTO WAIT 
SCCRO P010.6 OSC POWER 
tae P0112 MEMORY DISABLE 
P011.4 AUTOWAIT DISABLE 


PRIVILEGE DISABLE 
INT1 NMI 
CPU STEST 

SCCR2 BUS STEST 
PWRDWN/IDLE 
HALT/STANDBY 


SCI ESPEN 
SCI RX PRIORITY 
iti SCI TX PRIORITY 
SCI STEST 
PO4F.6 T1 PRIORITY 
POSF.5 SPI ESPEN 
SPIPRI POSF.6 SPI PRIORITY 
PO3F.7 SPI STEST 


t The priviieged bits are shown in a bold typeface in Table 11. 


The WPO mode provides an external hardware method of overriding the WPR of data EEPROM on the 
TMS370Cx2x. WPO mode is entered by applying a 12-V input to the MC pin after the RESET pin input goes 
high. The high voltage on the MC pin during the WPO mode is not the programming voltage for the data 
EEPROM or program EPROM. All EEPROM programming voltages are generated on-chip. The WPO mode 
provides hardware system level capability to modify the personality or calibration information in the data 
EEPROM while the device remains in the application, but only while a 12-V external input is present on the MC 
pin (normally not available in the end application except in a service or diagnostic environment). 


low-power operating modes 


The TMS370Cx2x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact when 
the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls the low-power mode selection. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity stops; 
however, the oscillator, internal clocks, timer 1, and receive start-bit detection circuit of the SCl1 remain active. 
System processing is suspended until a qualified interrupt (hardware RESET, external interrupt on INT1, INT2, 
INT3, timer 1 interrupt, or low level on the receive pin of the SCI1) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370Cx2x is in its lowest power consumption mode. The 
oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is suspended 
until a qualified interrupt (hardware RESET, external interrupt on the INT1, INT2, INT3, or low level on the 
receive pin of the SCI1) is detected. The power-down mode-selection bits are summarized in Table 10. 
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low-power operating modes (continued) 


Table 10. Low-Power/Idle Control Bits 


POWER-DOWN CONTROL BITS 
PWRDWN/IDLE | HALT/STANDBY MODE SELECTED 
(SCCR2.6) (SCCR2.7) 


RVC UGEES Se ees RT 


Tt Don’t care 


When low-power modes are disabled through a programmable contact, writing to the SCCR2.6-7 bits is ignored. 
In addition, if an IDLE instruction is executed when low-power modes are disabled, the device always enters 
the IDLE mode. 


To provide a method for always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI always is generated, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (SP, PC, and ST), I/O pin direction and output data, and status registers of all on-chip peripheral 
functions. Since all CPU instruction processing is stopped during the STANDBY and HALT modes, the clocking 
of the WD timer is inhibited. 


clock modules 


The ’x2x family provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 MCU. The ’x2x masked ROM devices offer both options to meet system 
engineering requirements. Only one of the two clock options is allowed on each ROM device. 


The divide-by-1 clock module option provides reduced electromagnetic interference (EMI) with no added cost. 


The divide-by-1 provides a one-to-one match of the external resonator frequency (CLKIN) to the internal system 
clock (SYSCLK) frequency, whereas the divide-by-4 produces a SYSCLK which is one-fourth the frequency of 
the external resonator. Inside of the divide-by-1 module, the frequency of the external resonator is multiplied 
by four, and the clock module then divides the resulting signal by four to provide the four-phased internal system 
clock signals. The resulting SYSCLK is equal to the resonator frequency. These are formulated as follows: 


external resonator frequency _ CLKIN 
4 ae 


external resonator frequency x 4 
4 


The main advantage of a divide-by-1 oscillator is the improved EMI performance. The harmonics of low-speed 
resonators extend through fewer of the emissions spectrum than the harmonics of faster resonators. The 
divide-by-1 reduces the resonator speed by four, and this results in a steeper decay of emissions produced by 
the oscillator. 


Divide-by-4 option: SYSCLK = 


Divide-by-1 option: SYSCLK = = CLKIN. 
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system configuration registers 


Table 11 contains peripheral file frame 1 system configuration and control register functions for controlling 
EEPROM programming. The privileged bits are shown in bold typeface and shaded. 


Table 11. Peripheral File Frame 1: System Configuration and Control Registerst 
PF REG 
mots. ee Osc PF AUTO | OSC FLT MC PIN MC PIN uP/uC sccro 
START POWER WAIT FLAG WPO DATA MODE 
AUTOWAIT MEMORY 
HALT/ | PWRDWN/ _ BUS site - RIVILE vida 


P013 
to Reserved 


PO16 
POI7 INT4 INT1 INT1 INT1 INT14 INT4 
FLAG PIN DATA POLARITY | PRIORITY ENABLE 
Po18 INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR |DATAOUT | POLARITY | PRIORITY ENABLE 
Po19 INT3 INT3 INTS INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA ae DIR | DATA OUT | POLARITY | PRIORITY ENABLE 


Sd Ta Saal Pf ar | wiwo | exe | oeecn: 


PO1B 1 


SDs Tae Se ae ee a ON Ee 


P01D 
PO1E Reserved 


PO1F 


T Privileged bits are shown in bold typeface. 


vi TEXAS 
INSTRUMENTS 


6-20 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx2x 
8-BIT MICROCONTROLLER 


SPNS018B — FEBRUARY 1993 — REVISED MARCH 1996 


peripheral file frame 2 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 12 and Table 13 
detail the specific addresses, registers, and control bits within the peripheral file frame. 


Table 12. Peripheral File Frame 2: Digital Port Control Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Reserved APORT1 
Port A Control Register 2 (must be 0) APORT2 
Port A Data ADATA 
Port A Direction ADIR 
Reserved BPORT1 
Port B Control Register 2 (must be 0) BPORT2 
Port B Data BDATA 
Port B Direction BDIR 
Reserved CPORT1 


Port C 
Control 
Register 2 
(must be 0) 


Port C Data | CDATA 


Port C 
Direction 


CPORT2 


CDIR 


Port D Control Register 1 (must be 0) 


Port D Control Register 2 (must be o)T fee ent 


DPORT1 
DPORT2 
Port D Data 
Port D Direction 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


Table 13. Port Configuration Register Setup 


a = Port x Control Register 1+ 
b = Port x Control Register 2 
c = Data 

d = Direction 


+ DPORT only 
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programmable timer 1 


The programmable timer module of the TMS370Cx2x provides the enhanced timer resources required to 
perform real-time system control. The Timer 1 module contains the general-purpose timer T1 and the watchdog 
(WD) timer. The two independent 16-bit timers (T1 and WD) allow program selection of input clock sources 
(real-time, external event, or pulse-accumulate) with multiple 16-bit registers (input-capture and compare) for 
special timer function control. The timer 1 module includes three external device pins that can be used for 
multiple counter functions (operation-mode dependent), or used as general-purpose I/O pins. The T1 module 


is shown in Figure 6. 
TIIC/CR hea 16-Bit 
| — e Capt/Comp Register 
~ <a 


16-Bit interrupt 


Compare Register Logic 


<Gnevt > nee 
Prescaler 
Interrupt 
Logic 
16-Bit Watchdog 
Counter (Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins 
— T11IC/CR: T1 input capture / counter-reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: T1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: T1 event input pin, or general-purpose bidirectional I/O pin 


@ Two operational modes: 


— Dual-compare mode: Provides PWM signal 


— Capture/compare mode: Provides input capture pin 


@ One 16-bit general-purpose resettable counter 
@ One 16-bit compare register with associated compare logic 


® One 16-bit capture/compare register, which, depending on the mode of operation, operates as either 


capture or compare register : 


® One 16-bit WD counter can be used as an event counter, a pulse accumulator, or an interval timer if WD 


feature is not needed. 


@ Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 
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programmable timer 1 (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T11IC/CR) 


@ Interrupts that can be generated on the occurrence of: 
— Acapture 
— Acompare equal 
— Acounter overflow 
— An external edge detection 
@ Sixteen T1 module control registers located in the PF frame beginning at address P040 


The T1 module control registers are listed in Table 14. 
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programmable timer 1 (continued) 


Table 14. Timer Module Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Modes: Dual-Compare and Capture/Compare 
Bit 15 T1Counter MSbyte Bit8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit 0 
Bit 15 Compare Register MSbyte Bit8 | T1C 
Bit 7 Compare Register LSbyte Bit O 
Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Watchdog Counter MSbyte Bit8 |} WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit O 
Bit 7 Watchdog Reset Key BitO | WORST 


WD OVRFL | WD INPUT | WD INPUT | WD INPUT T1 INPUT T1 INPUT T1 INPUT 
TAP SELT | SELECT2T | SELECTiT | SELECToT SELECT2 | SELECT1 SELECTO 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL T1 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
TI1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 T1C1 T1C2 T1C1 TiCR T1EDGE TiCR TIEDGE 
MODE=0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY | RST ENA DET ENA 
Mode: Capture/Compare 
TI1EDGE T1C1 TIEDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 TIEDGE TIEDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Modes: Dual-Compare and Capture/Compare 
TIEVT TIEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
T1PWM TiIPWM TiPWM T1PWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT | FUNCTION | DATADIR DATA IN DATA OUT | FUNCTION DATA DIR 
T1 


Tt Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 


PF REG 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


P049 T1CTL1 


PO4A T1ICTL2 


PO4B TICTL3 


PO4C T1CTL4 


TICTL3 


T1ICTL4 


T1iPC1 


PO4E TiPC2 


PO4F T1PRI 


vp TEXAS 
INSTRUMENTS 


6-24 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx2x 
8-BIT MICROCONTROLLER 


SPNS018B — FEBRUARY 1993 — REVISED MARCH 1996 
programmable timer 1 (continued) 


Figure 7 shows the Timer 1 capture/compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the PF. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in the T1CTL2 


register. 
T1CC.15-0 
16-Bit Lsp 
Capt/Comp T1C1 
i Register MSB OUTENA | , TIPC2.7-4 
Source TICTL4.6) | 2 
3) 13 <tiewa> 
TICNTR. 15-0 
LSB 16-Bit 
MSB Counter “<cooke 
TiC1 INT FLAG Ctrrric ) 
TICTL3.5 4-0 Smee amare 
Reset 
[| T1CTL3.0 
T1 SW 
RESET T1C1 INT ENA 
16-Bit LSB 
T1CTL2.0 T1C1 Compare 
RST ENA Register MSB 
O O 
T1 OVRFL INT FLAG 
Beien* TICTL2.3)-0 
T1CTL2.4 
T1 OVRFL INT ENA 
T1PC2.3-0 
T1EDGE DET ENA 
<T1IC/CR> T1EDGE INT FLAG 


(rieT137}- 


T1EDGE INT ENA 


T1EDGE POLARITY 


Figure 7. Capture/Compare Mode 


sal TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 6-25 


TMS370Cx2x : 
8-BIT MICROCONTROLLER 


SPNS018B — FEBRUARY 1993 — REVISED MARCH 1996 


programmable timer 1 (continued) 


Figure 8 shows the Timer 1 Gual-compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in 
the T1CTL2 register. 


T1C2 INT FLAG 


Capt/Comp 


Prescaler Register MSB 


Clock Eneble 
Source J T1CTL3.1 
T1C2 INT ENA TICTL45 
one 


T1CNTR.15-0 


5 TIPC2.7-4 
LSB. _16-Bit T1C2 OUTENA | | 
Msp Counter TiC1 INT FLAG TICTL4.6) | ® TiPWM 
Reset Cc : r 
_— T1C1 OUT ENA 
ee (ie patch. | e150 o> Fre rt3.0 TICTL4.3 
RESET ger T1C1 INT ENA 
TICTL2.0 FICTLA.S Compare TiCR OUT ENA 


Register MSB 


C) e 
O T1 OVRFL INT FLAG 
T1CTL4.1 TICTL2.3 


T1iCR 


T1PC2.3-0 RST ENA aL i 


T1 OVRFL INT ENA 


Edge 
Select 


T1EDGE POLARITY TICTL3.2 


T1EDGE INT ENA 


T1CTL4.0 T1EDGE INT FLAG 


TIEDGE DET ENA TICTLO? | — 
TICTL4.2 


Figure 8. Dual-Compare Mode 
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programmable timer 1 (continued) 


The TMS370Cx2x device includes a 24-bit WD timer, contained in the T1 module, which can be programmed 
as an event counter, pulse accumulator, or interval timer if the watchdog function is not used. The WD monitors 
software and hardware operation, and implements a system reset when the WD counter is not serviced properly 
(WD counter overflow or WD counter is re-initialized by an incorrect value). The WD can be configured as one 
of the three mask options as follows: standard watchdog, hard WD, or simple counter. 


@ Standard watchdog configuration (see Figure 9) for ’C722 EPROM and mask-ROM devices: 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


— AWDresetkey (WDRST) register clears the watchdog counter (WDCNTR) when a correct value is 
written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


— A watchdog overflow flag (WD OVREFL INT FLAG) bit indicates whether the WD timer initiated a 
system reset. 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator or an interval timer. 


WDCNTR.15-0 
16-Bit WD OVRFL T1CTL2.6 
Watchdog Counter INT FLAG 
TICTL2.5 O~ O———— Interrupt 
=a WD OVRFL 
a INT ENA 
Clock 
Prescaler TICTL1.7 TICTLo? 
WD OVRFL 

TAP SEL O O——————__ System Reset 
WD OVRFL ‘ 

Watchdog Reset Key RST ENA 

WDRST.7-0 


Figure 9. Standard Watchdog 
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programmable timer 1 (continued) 


Hard watchdog configuration (see Figure 10) for ’'C722 EPROM and mask-ROM devices: 


Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


A WD reset key (WDRST) register clears the watchdog counter (WDCNTR) when a correct value is 
written. 


Generates a system reset if an incorrect value is written to the WDRST or if the counter overflows 
AWD overflow flag (WD OVREL INT FLAG) bit indicates whether the WD timer initiated a system reset. 
Automatic activation of the WD timer upon power-up reset 


INT1 is enabled as a nonmaskable interrupt during low power modes. 


WDCNTR.15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter TICTL2.5 


Reset 


Clock 
Prescaler T1CTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 
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programmable timer 1 (continued) 


@ Simple counter configuration (see Figure 11) for mask-ROM devices only 


— Simple counter can be configured as an event counter, pulse accumulator, or internal timer. 


WDCNTR.15-0 
F WD OVFL 
Watchdog Counter INT FLAG T1CTL2.6 
TICTL2.5 O~ O——— interrupt 


WD OVRFL 
INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


serial peripheral interface 


The SPI is a high-speed synchronous serial I/O port that allows a serial bit stream of programmed length 
(1 to 8 bits) to be shifted into and out of the device at a programmable bit transfer rate. The SPI normally is used 
for communications between the microcontroller and external peripherals or another microcontroller. Typical 
applications include external I/O or peripheral expansion by way of devices such as shift registers, display 
drivers, and A/D converters. Multi-device communications are supported by the master/slave operation of the 
SPI. The SPI module features include the following: 


@ Three external pins 
— SPISOMI: SPI slave output/master input pin or general-purpose bidirectional !/O pin 
— SPISIMO: SPI slave input/master output pin or general-purpose bidirectional I/O pin 
— SPICLK: SPI serial clock pin or general-purpose bidirectional I/O pin 
Two operational modes: Master and slave 
Eight programmable baud rates 
— Maximum baud rate in master mode: 2.5M bps at 5 MHz SYSCLK 


SPI BAUD RATE = SYSCLK 
2x 2b 


where b=bit rate in SPICCR.5-3 (range 0-7) 

— Maximum baud rate in slave mode: 625K bps at 5 MHz SYSCLK 
SPI BAUD RATE < SYSCLK/8 

Data word format: one to eight data bits 


Simultaneous receiver and transmitter operations (transmit function can be disabled in software) 
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serial peripheral interface (continued) 


@ Transmitter and receiver operations occur through interrupt-driven or polled algorithms. 
® Seven SPI module control registers located in control register frame beginning at address PO30h 


The SPI module control registers are listed in Table 15. 


Table 15. SP! Module Control Register Memory Map 
BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
SPI SW CLOCK SPI BIT SPI BIT SPI BIT SPI SPI SPI 
RESET | POLARITY | RATE2 RATE1 RATEO CHAR2 CHAR1 CHARO 
RECEIVER | SPIINT MASTERY a SPI INT 
OVERRUN FLAG SLAVE ENA 


Reserved 


PF REG 


P030 SPICCR 


P031 SPICTL 


P032 
to 
P036 


P037 RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO SPIBUF 
P039 SDAT7 SDAT6 SDAT5 SDAT4 SDAT3 SDAT2 SDAT1 SDATO SPIDAT 


PO3A 
to 
PO3C 


Reserved 


SPICLK SPICLK SPICLK SPICLK 
DATA IN DATA OUT | FUNCTION | DATA DIR 
SPISIMO SPISIMO SPISIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION | DATADIR 
SPI SPI 
STEST PRIORITY 


PO3D SPIPC1 


PO3E SPIPC2 


PO3F SPIPRI 
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serial peripheral interface (continued) 
The SPI block diagram is listed in Figure 12. 


SPIBUF.7-0 RECEIVER 
OVERRUN 


SPIBUF Buffer 


= 
SPI INT FLAG SPICTL.O 
: 


SPICTL.6 


SPIINT ENA 


SPIDAT 
Data Register 


PIDAT.7-0 
= SPICTL.1 


State Control 


MASTER/SLAVET 


SPI CHAR SPICCR.2-0 
yy ty os SRE ee er eee -e——( SPICTL2 
SPIPC1.3-0 
System l 
oy CLOCK POLARITY 


SPI BIT RATE 
Tt The diagram shows slave mode. 


Figure 12. SPI Block Diagram 


serial communications interface 1 (SCI1) 


The TMS370x2x devices include a serial communications interface 1 (SCI1) module. The SCI1 module 
supports digital communications between the TMS370 devices and other asynchronous peripherals, and uses 
the standard non-return-to-zero (NRZ) format. The SCl1’s receiver and transmitter are double buffered, and 
each has separate enable and interrupt bits. Both can operate independently or simultaneously in the full-duplex 
mode. To ensure data integrity, the SCI1 checks received data for break detection, parity, overrun, and framing 
errors. The bit rate (baud) is programmable to over 65,000 speeds through a 16-bit baud-select register. 
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serial communications interface 1 (SCI1) (continued) 


Features of the SCI1 module include: 


Three external pins: 

— SCITXD: SCI transmit output pin or general purpose bidirectional I/O pin 

— SCIRXD: SCI receive input pin or general purpose bidirectional I/O pin 

— SCICLK: SCI bidirectional serial clock pin, or general purpose bidirectional I/O pin 
Two communications modes: asynchronous and isosynchronoust 

Baud rate: 64K programmable rates 

— Asynchronous mode: 3 bps to 156K bps at 5 MHz SYSCLK 


ee yeaa fn 
ASYNCHRONOUS BAUD = agp REG + 1) x a2 


— lsosynchronous mode: 39 bps to 2.5M bps at 5 MHz SYSCLK 


oben eae 
ISOSYNCHRONOUS BAUD = (BAUD REG + 1) x2 


Data word format 

— One start bit 

— Data word length programmable from 1 to 8 bits 

— Optional even/odd/no parity bit 

— One or two stop bits 

Four error-detection flags: parity, overrun, framing, and break detection 

Two wake-up multiprocessor modes: Idle-line and address bit 

Half or full-duplex operation 

Double-buffered receive and transmit functions 

Interrupt driven or polled algorithms with status flags control transmitter (TX) and receiver (RX) operations. 


— Transmitter: TXRDY flag (transmitter buffer register is ready to receive another character) and TX 
EMPTY flag (transmitter shift register is empty) 


— Receiver: RXRDY flag (receive buffer register ready to receive another character), BRKDT flag (break 
condition occurred), and RX ERROR monitoring four interrupt conditions 


— Separate enable bits for transmitter and receiver interrupts 
— NRZ (non-return-to-zero) format 


Eleven SCI1 module control registers are located in control register frame beginning at address PO50h. 


Tt lsosynchronous = Isochronous 
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serial communications interface 1 (SCI1) (continued) 


The SCI1 module control registers are listed in Table 16. 


Table 16. Peripheral File Frame 5: SCl1 Module Control Registerst 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
PO50 STOP EVEN/ODD PARITY ASYNC/ ADDRESS SCI SCI SCI SCICCR 
BITS PARITY ENABLE ISOSYNC IDLE WUP CHAR2 CHAR1 CHARO 
P051 pe Pe | ye CLOCK TXWAKE SLEEP TXENA RXENA SCICTL 
P052 Bit 15 Baud Rate Select Register MSB Bit 8 oe 
P053 Bit 7 Baud Rate Select Register LSB Bit O a ¥ 
TX SCI TX 
RX SCI RX 


Reserved 


SCICLK SCICLK SCICLK SCICLK 
DATA IN DATA OUT | FUNCTION DATA DIR 
SCI TXD SCI TXD SCI TXD SCI TXD SCI RXD SCI RXD SCI RXD SCI RXD 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
SCl SCI TX SCI RX 
STEST PRIORITY | PRIORITY 


T Privileged bits are shown in bold typeface. 


SCIPC1 


SCIPC2 


SCIPRI 
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serial communications interface 1 (SCI1) (continued) 


The SCI1 module block diagram is illustrated in Figure 13. 


TXWAKE TXBUF.7-0 
SCICTL.3 


Frame Format and Mode 


PARITY 


© Level 1 INT 


EVEN/ODD ENABLE 


BAUD MSB. 7-0 
Baud Rate 
MSbyte Reg. 
BAUD LSB. 7-0 


Baud Rate 
LSbyte Reg. 


SCIPC1.3-0 


SCIRXD 


SCIPC2.3-0 


RXWAKE 


SCIRX PRIORITY 


SCIPRI.5 - 0 


SCI RX Interrupt 


RXRDY SCIRX INT ENA : Level 4 INT 
BP ee : 


e o+ Level 2 INT 


RXCTL.7 RXCTL.4-2 


RXBUF.7-0 


Figure 13. SCl1 Block Diagram 


instruction set overview 


Table 17 provides an opcode-to-instruction cross reference of all 73 instructions and 274 opcodes of the 
‘370Cx2x instruction set. The numbers at the top of this table represent the most significant nibble (MSN) of the 
opcode while the numbers at the left side of the table represent the least significant nibble (LSN). The instruction 
of these two opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that opcode. 


For example, the opcode B5dh points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 17. TMS370 Family Opcode/Instruction Mapt 


BTJO 
Rs,Rd,ra 


#n,B,ra 
3/8 


ADD 
#n,B 
2/6 


ADC 
#n,B 
2/6 


SUB 
#n,B 
2/6 


SBB 
#n,B 
2/6 


T All conditional jumps (opcodes 01-OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


BTJZ 
#n,Rd,ra 
4/10 


BTJO 
#n,Pd,ra 
4/11 


BTJZ 
#n,Pd,ra 
4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*lab[B],A 
3/12 


MOV 
A,*lab[B] 
3/12 


MOV 
#ra[SP],A 


MOV 
A,*ra{SP] 
2/7 


XCHB A/ 
TSTB 
1/10 
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Table 17. TMS370 Family Opcode/Instruction Mapt (Continued) 


0 1 2 3 4 5 6 


Legend: 

* = _ Indirect addressing operand prefix 
& = Direct addressing operand prefix 
# = immediate operand 

#16 = immediate 16-bit number 

lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address 

Rd = Register containing destination type 

Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 

Rs = Register containing source byte 


T All conditional jumps (opcodes 01—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


i. 


BR 
lab 
3/9 


CMP 
& lab,A 
3/11 


CALL 
lab 
3/13 


CALLR 


B 
BR RR 
“Rp A 
2/8 1/8 
CMP CMP RRC 
*Rp,A “lab[B],A A 
2/10 3/13 1/8 
CALL CALL RL 
“Rp *lab[B] A 
2/12 3/15 1/8 
CALLR CALLR RLC 
*lab[B] A 
3/17 1/8 


Second byte of two-byte instructions (F4xx): 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


MOV 
*n[Rn],A 
4/17 


MOV 
A,*n{Rn] 
4/16 


CMP 
*n({Rn],A 
4/18 
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development system support 


The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator XDS/22, CDT, and an EERPROM/UVEPROM programmer. 


@ Assembler/linker (Part No. TMDS3740850-02 for PC) 


Includes extensive macro capability 
Provides high-speed operation 


Includes format conversion utilities for popular formats 


@ ANSI C Compiler (Part No. TMDS3740855-02 for PC, Part No. TMDS3740555-09 for HP700™, Sun-3™ 
or Sun-4™) 


Generates assembly code for the TMS370 that can be inspected easily 

Improves code execution speed and reduces code size with optional optimizer pass 
Enables direct reference the TMS370’s port registers by using a naming convention 
Provides flexibility in specifying the storage for data objects 

Interfaces C functions and assembly functions easily 


Includes assembler and linker 


® CDT370 (Compact Development Tool) real-time in-circuit emulation 


Base (Part Number EDSCDT370 — for PC, requires cable) 

— Cable for 40-pin DIP (Part No. EDSTRG4O0DILX) 

— Cable for 44-pin PLCC (Part No. EDSTRG44PLCCX) 

— Cable for 40-pin SDIP (Part No. EDSTRG40SDILX) 

EEPROM and EPROM programming support 

Allows inspection and modification of memory locations 

Includes compatibility to upload/download program and data memory 
Executes programs and software routines 

Includes 1024 samples trace buffer 

Includes single-step executable instructions 


Uses software breakpoints to halt program execution at selected address 


@® XDS/22 in-circuit emulator 


Base (Part Number TMDS3762210 for PC, requires cable) 
Cable for 40-pin DIP/SDIP, 44-pin PLCC (Part No. TMDS3788844) 


Contains all of the features of the CDT370 described previously but does not have the capability to 


program the data EEPROM and program EPROM 


Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace 


samples with symbolic disassembly 


Allows qualification of breakpoints by address and/or data on any type of memory acquisition. Up to four 


levels of events can be combined to cause a breakpoint. 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Incorporated. 
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development system support (continued) 


— Provides timers for analyzing total and average time in routines 


— Contains an eight-line logic probe for adding visibility of external signals to the breakpoint qualifier and 
to trace display 


@ Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 44-pin PLCC (Part No. TMDS3780510A) 
— Single unit head for 40-pin DIP/SDIP (Part No. TMDS3780511A) 
— PC-based, window/function-key-oriented user interface for ease of use and rapid learning environment 
@ Starter Kit (Part No. TMDX37000 — for PC) 
— Includes TMS370 Assembler diskette and documentation 
— Includes TMS370 Simulator 
— Includes programming adapter board and programming software 
— Does not include (to be supplied by the user) 
— +5 V power supply 
— ZIF sockets 
— Nine-pin RS232 cable 
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Figure 14 illustrates the numbering and symbol nomenclature for the TMS370Cxe2x family. 


TS 370 C 3 2 2 A FNL 


Temperature Ranges: 


Packages: 


ROM and EPROM Option: 


Family: 
Technology: 
Program Memory Types: 


Device Type: 


Memory Size: 


Prefix: TMS 


SE 


370 


yoNWOoO 0 


None 


Standard prefix for fully qualified devices 

System evaluator (window EPROM) that is used for 
prototyping . 

TMS370 8-Bit Microcontroller Family 

CMOS 


Mask ROM 
Mask ROM, No Data EEPROM 
EPROM 


’x2x device containing the following modules: 
— Timer 1 

— Serial Peripheral interface 

— Serial Communication Interface 1 


4K bytes 
8K bytes 


—40°C to 85°C 
0°C to 70°C 
—40°C to 105°C 


Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 
Ceramic Shrink Dual-In-Line 
Ceramic Dual-in-Line 

Plastic Dual-in-Line 

Plastic Shrink Dual-In-Line 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 

— A standard watchdog 

— A hard watchdog 

- A simple watchdog 

The clock can be either: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power modes can be either: 

— Enabled 

— Disabled 

For EPROM device, a standard watchdog, a divide-by- 
4 clock, and low-power modes are enabled 


Figure 14. TMS370Cx2x Family Nomenclature 
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device part numbers 


Table 18 lists all of the ’*x2x devices available. The device part number nomenclature is designed to assist 
ordering. Upon ordering, the customer must specify not only the device part number, but also the clock and 
watchdog timer options desired. Each device can have only one of the three possible watchdog timer options 
and one of the two clock options. The options to be specified pertain solely to orders involving ROM devices. 


Table 18. Device Part Numbers 


DEVICE PART NUMBERS DEVICE PART NUMBERS DEVICE PART NUMBERS 
FOR 44 PINS (LCC) FOR 40 PINS (DIP) FOR 40 PINS (SDIP) 
TMS370C020AFNA TMS370C020ANA TMS370CO20ANJAT 


TMS370C020AFNL TMS370C020ANL TMS370CO20ANJLT 
TMS370CO020AFNT TMS370CO020ANT TMS370CO20ANJTT 


TMS370C022AFNA TMS370C022ANA TMS370CO22ANJAT 
TMS370C022AFNL TMS370C022ANL TMS370C022ANJLT 
TMS370C022AFNT TMS370C022ANT TMS370CO22ANJTT 


TMS370C320AFNA TMS370C320ANA TMS370C320ANJAT 
TMS370C320AFNL TMS370C320ANL TMS370C320ANJLTt 
TMS370C320AFNT TMS370C320ANT TMS370C320ANJTT 


TMS370C322AFNA TMS370C322ANA TMS370C322ANJAT 
TMS370C322AFNL TMS370C322ANL TMS370C322ANJLT 
TMS370C322AFNT TMS370C322ANT TMS370C322ANJTt 


TMS370C722FNT TMS370C722NT TMS370C722NUTt 
SE370C722FzTt SE370C722JDT+ SE370C722JCTF 


Tt The NJ designator for the 40-pin plastic shrink DIP package was formerly known as N2. The mechanical drawing of the NJ is identical to the N2 
package and did not need to be requaiified. 
+ System evaluators are for use only in prototype environment, and their reliability has not been characterized. 
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new code release form 


Figure 15 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using Tl standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( 

Street Address: 

City: ee Customer Purchase Order Number: 


Gictomer fart Nember: Customer Print Number *Yes: # 


"iain oem aaa eC SenenREereEN Ue ener No: (Std. spec to be followed) 
sas Sigs saat ly: Dae eee ee Seni eel eee eee “If Yes: Customer must provide "print” to Tl w/NCRF for approval before ROM 
code processing starts. 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE 'A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[} Enabled [] Standard {] Standard (/4) 
[] External Drive (CLKIN) [] Disabled {] Hard Enabled [] PLL (/1) 


[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
> ; Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 
iil ig a a a f “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 


options. See the 7MS370 Family User's Guide (literature number SPNU127) 
or the 7MS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
Oks 0° to 70°C (standard) [] °N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[]’A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
4 —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization {} YES {} NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE Ti ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
Tl spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this TI] custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 15. Sample New Code Release Form 
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Table 19 is a collection of all the peripheral file frames used in the ’Cx2x (provided for a quick reference). 


Table 19. Peripheral File Frame Compilation 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


System Configuration Registers 
COLD Osc PF AUTO OSC FLT MC PIN MC PIN uP/uC 
START POWER WAIT FLAG WPO DATA MODE 
Mure : MEMORY 
if 3LE — DISABLE 
HALT/ PWRDWN/ BUS CPU PRIVILEGE | 
STANDBY IDLE STEST STEST DISABLE > 


Reserved 


PF REG 


SCCRO 


SCCR1 


SCCR2 


P016 

FLAG PIN DATA POLARITY PRIORITY ENABLE 

FLAG PIN DATA DATA DIR DATA OUT | POLARITY PRIORITY ENABLE 

FLAG PIN ae a DIR DATA eee ge PRIORITY ENABLE 
PO1A P= BUSY = | | Wiwo | | EXE «| DEECTL 
PO1B a 
P01D 
POIE Reserved 
PO1F 

Digital Port Control Registers 

P020 Reserved APORT1 
P021 Port A Control Register 2 (must be 0) APORT2 
P022 Port A Data ADATA 
P023 Port A Direction ADIR 
P024 Reserved BPORT1 
P025 Port B Control Register 2 (must be 0) BPORT2 
P026 Port B Data BDATA 
P027 Port B Direction BDIR 
P028 Reserved CPORT1 


Port C Control 
Register 2 CPORT2 
(must be 0) 


Port C 
Direction 


CDATA 


CDIR 


DPORT1 
DPORT2 
DDATA 
DDIR 


Port D Control Register 1 (must be 0) 


Port D Control Register 2 (must be 0)tT Pee 3 ee 


Port D Direction 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 
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Table 19. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


SPI Module Control Register Memory Map 
SPI SW CLOCK SPI BIT SPI BIT SPI BIT SPI SPI SPI 
RESET POLARITY RATE2 RATE1 RATEO CHAR2 CHAR1 CHARO 
RECEIVER SPI INT MASTER/ TALK SPI INT 
OVERRUN FLAG SLAVE ENA 
Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 


Reserved 


SDAT7 SDAT6 SDAT5 SDAT4 SDATS3 SDAT2 SDAT1 SDATO 


Reserved 


SPICLK SPICLK SPICLK SPICLK 
DATA IN DATA OUT FUNCTION DATA DIR 
SPISIMO SPISIMO SPISIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 
SPI SPI 2 
STEST | PRIORITY ESPEN 


Timer Module Register Memory Map 


PF REG 


SPICCR 


SPICTL 


SPIBUF 


SPIDAT 


SPIPC1 


SPIPC2 


SPIPRI 


Modes: Dual-Compare and Capture/Compare 
Bit 15 T1iCounter MSbyte Bit 8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit O 
Bit 15 Compare Register MSbyte Bit8 | TiC 
Bit 7 Compare Register LSbyte Bit O 
Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
Bit 7 Capture/Compare Register LSbyte Bit O 
Bit 15 Watchdog Counter MSbyte Bit 8 |} WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit O 
Bit 7 Watchdog Reset Key BitO | WORST 


WD OVRFL | WD INPUT | WDINPUT | WD INPUT T1 INPUT T1 INPUT T1 INPUT 
TAP SELT SELECT2t SELECT1T SELECTot SELECT2 SELECT1 SELECTO 
WD OVRFL | WO OVRFL | WD OVRFL | T1 OVRFL T1 OVRFL T1 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
T1EDGE T1C2 T1C1 TIEDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 MODE=0 T1C1 T1C2 T1C1 T1iCR TIEDGE TiCR TIEDGE 
= OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Capture/Compare 
TIEDGE T1C1 TIEDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 TIEDGE TIEDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 


tT Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


P049 TiCTL1 


PO4A TICTL2 


P04B TICTL3 


PO4C TICTL4 


PO4B TICTL3 


PO4C TICTL4 
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Table 19. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 me Se 


Modes: Dual-Compare and Capture/Compare 
TIEVT TIEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
T1PWM TIPWM TIPWM TI1PWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR DATA 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DIR 


SCI1 Module Control Register Memory Map 
STOP EVEN/ODD PARITY ASYNC/ ADDRESS SCI SCI SCI 
BITS PARITY ENABLE ISOSYNC IDLE WUP CHAR2 CHAR1 CHARO 
Scl SW 
Eo tie ea FESET CLOCK TXWAKE SLEEP TXENA RXENA 


Bit 15 Baud Rate Select Register MSB Bit 8 


PF REG 


P04D TIPC1 


PO4E T1PC2 


PO4F T1PRI 


P050 SCICCR 


P0O51 SCICTL 


BAUD 
MSB 


BAUD LSB 


PO052 


P053 Bit 7 Baud Rate Select Register LSB Bit O 


TX SCI TX 
RX SCI RX 


Reserved 


P054 TXCTL 


PO55 RXCTL 


PO56 
P057 
P058 
PO59 
PO5A 
PO5B 
PO5C 


Receive Data Buffer Register RXBUF 


Reserved 


Transmit Data Buffer Register TXBUF 


Reserved 


SCICLK SCICLK SCICLK SCICLK 
DATA IN DATA OUT | FUNCTION DATA DIR 
SCI TXD SCI TXD SCI TXD SCI TXD SCI RXD SCI RXD SCI RXD SCI RXD 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
SCl SCI TX SCI RX 
STEST PRIORITY PRIORITY | 


PO5D SCIPC1 


POSE SCIPC2 


POSF SCIPRI 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


MUDEIY VONACe TANGO Wee 1968 NOI. 8a as cee + ne 4 oc yt ae Pa Pe wee EP ee eee -0:6 Vto7V 
HADLIE WOREGELANGG. LAN INS GUOBIWINGs) F255. Das be Sa clea s on ae AG REIMER RAS s cw 8 -0.6Vto7V 

55) SENS SESE RS SPR RR IG 8 EAN IN SED. TIER AREY? A -—0.6Vto14V 
HIIV CITI COMM ewer tn VL ee ee ey ta tee ae hee ek sees ba ed mee Wine ba eee aD +20 mA 
Output-clamp-current tr CV p50 Ol iy Vir oc ic ee eas da eae s Sm RE Be, +20 mA 
Continuous output current per buffer, Io (Vo = 0 to Vcc)) (see Note 2) ........ 6. eee eee eee +10 mA 
SRR GRABS WTI 50 ea Sn crc nnemeee eee eee ie a4 eae oe Tay pa ee a es AGA ARE ROR 170 mA 
Ey sale ROE | RR a2 CAG SAP aN OY i Ra oa ed MN — 170 mA 
COT OUOUR MOE SION so ni vast te feud Sak he wt pb ote ov vane a a leds palie eit ee bee es 1W 
Operating iree-alr t@Mperaure Ta. VOTO ics cage sae ue} es cdles caves esse enaeae huey an 0°C to 70°C 

PNT tic 5 SEE Seren a wc a kale s Bath Oa sie eae one —40°C to 85°C 

WINS io har cies Sve b Sad rages sda as sees -—40°C to 105°C 
storage temperature:tange, Tatg «eas S Gens hd fei e st cee ee recede ree ee tee weeps tas —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vss. 

2. Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in 
any buffer can affect the levels on other buffers. 


recommended operating conditions 


Supply voltage (see Note 1) 


RAM data-retention supply voltage (see Note 3) 


: All pins except MC 
Low-level input voltage 
MC, normal operation Vss 


All pins except MC, XTAL2/CLKIN, and 5 V 
RESET CC 


Vi __ High-level input voltage XTAL2/CLKIN 0.8Vcc Vcc 


RESET 0.7 Vcc 
EEPROM write protect override (WPO) 11.7 
Vac MC (mode control) voltage EPROM programming voltage (Vpp) 13 13.2 


NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vss. 
3. RESET must be externally activated when Vcc or SYSCLK is out of the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS TYP MAX] UNIT 
VOL Low-level output voltage lol = 1.4mA 
o9V 
High-level output voltage = = Be 
IOH =-2mA 


OV<V|/<0.3V 
3V<Vis 
MC 0.3V<Vj)<13V 
See Note 4 
12V<sVi<13V 
1/O pins OV<sVi<Vcoc 
lIOL Low-level output current VoL = 0.4 V 


VOH = 0.9 V 
IOH High-level output current OH = CC 
VOH =2.4V 


See Notes 5 and 6 
SYSCLK = 5 MHz 
Supply current (operating mode) See Notes 5 and 6 
OSC POWER bit = 0 (see Note 7) SYSCLK = 3 MHz 
See Notes 5 and 6 7 
SYSCLK = 0.5 MHz 
See Notes 5 and 6 
SYSCLK = 5 MHz 
Supply current (STANDBY mode) See Notes 5 and 6 
CC OSC POWER bit = 0 (see Note 8) SYSCLK = 3 MHz 
See Notes 5 and 6 
SYSCLK = 0.5 MHz 
Supply current (STANDBY mode) SYSCLK = 3 MHz 
OSC POWER bit = 1 (see Note 9) See Notes 5 and 6 
SYSCLK = 0.5 MHz 


NOTES: 4. Input current lpp is a maximum of 50 mA only during EPROM programming. 

5. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or > Voc - 0.2V. 

6. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. AtS5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

7. Maximum operating current = 7.6 (SYSCLK) + 7 mA. 

Maximum standby current = 3 (SYSCLK) + 2 mA (OSC POWER bit = 0). 
9. Maximum standby current = 2.24 (SYSCLK) + 1.9 mA (OSC POWER bit = 1, only valid up to 3 MHz SYSCLK). 


VOH 


Input current 


I 
1! loatio Nh 
NTO]; is 
H+ 
ils ae 
oO oO 


a 
oO 
ial 
N 


00 
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XTAL2/CLKIN XTAL2/CLKIN 


i 


C3 


C1 Crystal/Ceramic C2 = 
(see Note B) ae A eo ali (see Note B) External il (see Note B) 
. (see Note A) r Clock Signal = 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 
B. The values of C1 and C2 are typically 15 pF and C3 value is typically 50 pF. See the manufacturer’s recommendations for ceramic 
resonators. 


Figure 16. Recommended Crystal/Cilock Connections 


Load Voltage 


1.2 kQ 


Vo 
20 pF 


ae 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 
NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 17. Typical Output Load Circuit (See Note A) 


Vcc Vcc 


Pin Data 


Output 
Enable 


Figure 18. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AR Array S Slave mode 
B Byte SC SYSCLK 

Cl XTAL2/CLKIN SIMO SPISIMO 

D DATA SOMI SPISOMI 

M Master mode SPC SPICLK 
PGM Program TXD SCITXD 

R READ W WRITE 
RXD SCIRXD 


Lowercase subscripts and their meanings are: 


ve cycle time (period) Su setup time 

d delay time V valid time 

f fall time w pulse duration (width) 
r rise time 


The following additional letters are used with these meanings: 


H High 
e Low 
V Valid 


All timings are measured between high and low measurement points as indicated in Figure 19 and Figure 20. 


TOP Ga OSE mica, oe ee 
eS — —. 0.8 V (Low) SY ae — — 0.8 V (Low) 


Figure 19. XTAL2/CLKIN Measurement Points Figure 20. General Measurement Points 
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external clocking requirements for clock divided by 4 (see Note 10 and Figure 21) 


NO. | PARAMETER | MIN MAX (| UNIT 
twiCl Pulse duration, XTAL2/CLKIN (see Note 11) ar Sees Be 


tricl Rise time, XTAL2/CLKIN 
(CI Fall time, XTAL2/CLKIN 


oma Boe 
eer oa 
td(CIH-SCL) Delay time, XTAL2/CLKIN rise to SYSCLK fall epee ee 
ee ee 
| 05 5] MHz 


CLKIN Crystal operating frequency 


ma SYSCLK Internal system clock operating frequencyt 


T SYSCLK = CLKIN/4 
NOTES: 10. For Vj, and Vjp, refer to recommended operating conditions. 
11. This pulse may be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, 
or a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


+> 


XTAL2/CLKIN Se ee 
| | 
>| t- 2 | | | 
| be 3 | 
+—>- 4 


SYSCLK / Oe ee 


Figure 21. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL) (see Note 10 and Figure 22) 


ae 
1 [twig Pulse duration, XTALZICLKIN (see Note #1) SSCS 

[a Leen 

sla alee MORI Chern ee ema 

mee: 

ear) 


ee 
ae 
ae ee 
ee 

Hz 


CLKIN Crystal operating frequency 


SYSCLK Internal system clock operating frequency+ 


+ SYSCLK = CLKIN/1 
NOTES: 10. For Vi_ and Vip, refer to recommended operating conditions. 
11. This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


wet 

ee ee a ee 
| | | 

+ 2 ea FH 4 


Figure 22. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 12 and Figure 23) 


| NO. | PARAMETER 


| Divide-by-4 200 2000 
5 tc Cycle time, SYSCLK (system clock) Divide-by-1 200 500 
ivide-by- 


RBs | tw(SCL Pulse duration, SYSCLK low 0.5 te-20 0.5 te 
tw(SCH Pulse duration, SYSCLK high 05%,  0.5t¢ +20 


NOTE 12: tc = system-clock cycle time = 1/SYSCLK 


Lee 


Figure 23. SYSCLK Timing 


general purpose output signal switching time requirements (see Figure 24) 


Twin NOM MAX UNIT 
sig a 


coe 
| 

sl ie || 
> i tf 


Figure 24. Signal Switching Timing 


recommended EEPROM timing requirements for programming 


Bee ee ey en es oun te Se aan 
tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) Be beget) igi 
tw(PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) newts wiotues | Te 


recommended EPROM operating conditions for programming 


V 
V 


co Supply voltage 4.75 5.5 6 
pp Supply voltage at MC pin 13- WS.2°/ 135 
Ipp Supply current at MC pin during programming (Vpp = 13 V) 30 50 


SYSCLK System clock — MHz 
Divide-by-1 


recommended EPROM timing requirements for programming 


tw(EPGM Pulse duration, programming signal (see Note 13) 0.40 0.50 3 


NOTE 13: Programming pulse is active when both EXE (EPCTL.0O) and Vpps (EPCTL.6) are set. 
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SPI master mode external timing characteristics and requirements (see Note 12 and Figure 25) 


Be PR A ee ee Ce ee er 
ime, Ce ee 


te(SPC)M Cycle time, SPICLK 2te 256tg My nee | 
| 39 | tw(SPCL)M Pulse duration, SPICLK low to-45 O.5t(gpc)+45] ons | 
tw(SPCH)M Pulse duration, SPICLK high te-55 O0.5tgpc)+45] ns | 


td(SPCL-SIMOV)M_ Delay time, SPISIMO valid after SPICLK low (polarty=1) | -65 50 | ns | 
tv(SPCH-SIMO)M __ Valid time, SPISIMO data valid after SPICLK high (polarity =1) | tw(SPCH) — 50 re 
tsu(SOMI-SPCH)M__ Setup time, SPISOMI to SPICLK high (polarity = 1) 0.25 te + 150 tae 


Valid time, SPISOMI data valid after SPICLK high 
44 | 'V(SPCH-SOMI)M (polarity = 1) 


NOTE 12: t, = system-clock cycle time = 1/SYSCLK 


Seas ane a ieee ener 
| | 
| +4 > 
| }¢—"90 saxo | | 
| 
aaa 41 q—-—- 42 om 
SPISIMO QOQQYQYYYYY OCC 
it 43 >| 
| —>| \ 44 


XX™ VAT AV, xx VVYVVY re } Choe XXX VVY yx 
SPISOM OR RRRRRD ieee 


NOTE A: The diagram is for polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 25. SPI Master External Timing 
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SPI slave mode external timing characteristics and requirements (see Note 12 and Figure 26) 


i prs 
OO SS 
a7_[wisponys Pulse duration. SPICLKhigh Sg A OIeSPCN SHAS | nw 
[28 [tasPc.-soMis Delaytime, SPISOMI vald afer SPICLKTow poany=) [928+ 0] ne 
2 [twspcr-somys — Valid time, SPISOMI data vad after SPICLK high polarty=) | tweecns | ns 
[50 [tsu(sivo-sPoH)S Setup tme, SFISIMO 10 SPICLK high polriy=1) «| Oi 
tv(SPCH-SIMO)S__ Valid time, SPISIMO data after SPICLK high (polarity = 1) Se SRS 
NOTE 12: tg = system-clock cycle time = 1/SYSCLK 


3tg + 100 


#—_—____—— 45 —_—_—___»> 
| | 


| 7 
| +— 46 ees | | 
| 
<> 48 ki 49 ger pt 
Xxx ere V/ a. ; (x / XX XXX XK eG VV 
SPISIMO KARI lesen 
le 50 > 
| ol ie 51 


/ YOOX OK XC 
XKKKREKKXXXY 


L\Z\ L\QAAAL 


YY 


LN ZN ZN ZN LN ZNZNZN ZN 


SPISOMI Data Valid 


NOTE A: The diagram is for polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 26. SPI Slave External Timing 
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SCI1 isosynchronoust mode timing characteristics and requirements for internal clock 
(see Note 12 and Figure 27) 


Pa RL ae et ae ears a ameter ee 
Eas Ngee, Cami I es 
| 25 | 
| 26 


28 [wsccu-txD) Vall time, SCITXD deta vai after SCICLK High 
[20 Meuexo-scc) Setup time, SCIRXD to SCIGLK high 
[20 ['scoH-Axo) Vali time, SCIRXD data valid afer SCIGLKigh 


NOTE 12: te = system-clock cycle time = 1/SYSCLK 
[iy Bl rr 
| 
| ¢—-——_— 26 —---- >» 
| 
| 


8 | 
ee Ne yf / 
| 
! Soa eee 
a 
\/ a4 OKC peed a XX XXX \/ EO ESE EES SEES HO 
SCITXD OOO YYY YY Gate ane RR ROKK 
}¢— 29 —> 
| > \¢-30 


SCIRAD AVRKXXXXXXXXRKKXY XX KXKEKX KKK XXX KAY 


LN ZN ZN LN ZN ZN ZN ZN ZN L\ 2\ {\ 2 


{\ 2. XXX X 


Figure 27. SCI1 Isosynchronous Mode Timing for Internal Clock 


T Isosynchronous = Isochronous 
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SCI1 isosynchronoust mode timing characteristics and requirements for external clock 
(see Note 12 and Figure 28) 


ia ae me ee ee 
Pat Gec, . Qaenck ee a eg Pee 
2 
33 [wscouy Pulse duration, @C1CLKhigh SSCS 2 SSC*dCr 
[34 ftascou-txpyy Delay time, SCITXD valid ater SOICLKIow —————SOSC~dCSCS*~C*~CS*~« TA] 
[a5 [wScon-TxD) Valid time, SCITXD data valid ater SCICLKTigh ——~—S—*dtC scm i 
[36 [tou(exp-socn) Setuptime, SCIRXDtoscicLKrigh ———SSSCSC~dS Cid 
a7 [wscon-Axd) Vals time, SCIRXD data ater SCICLKHigh ——SCS~S~idS Si 


NOTE 12: te = system-clock cycle time = 1/SYSCLK 
-—_——_—_——_— 3 
| | 
| 4 33 —-—_- - > 
| 
a EE ig. Soe gis | 


| | 
ee Ne a en ee 
| 


SCITXD QO QQ KY RK 
| 
| ol jt 37 

SRK KK, Data Valid PR Oy 


Figure 28. SCI1 lsosynchronoust Timing for External Clock 


T lsosynchronous = Isochronous 
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Table 20 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 20. TMS370Cx2x Family Package Type and Mechanical Cross-Reference 


(niipin spacing) _|__TMS970 GENERIC NAME MECHANICAL NAME DEVICE PART NUMBERS 


TMS370C020AFNA 
TMS370C020AFNL 
TMS370C020AFNT 
TMS370C022AFNA 
TMS370C022AFNL 
TMS370C022AFNT 
TMS370C320AFNA 
TMS370C320AFNL 
TMS370C320AFNT 
TMS370C322AFNA 
TMS370C322AFNL 
TMS370C322AFNT 
TMS370C722FNT 


FZ — 44 pin CERAMIC LEADED CHIP CARRIER FZ(S-CQCC-J**) J-LEADED CERAMIC 

(50-mil pin spacing) | (CLCC) CHIP CARRIER SE370C722FZT 
JD — 40 pin CERAMIC DUAL-IN-LINE PACKAGE _ | JD(R-CDIP-T**) CERAMIC SIDE-BRAZE 

(100-mil pin spacing) | (CDIP) DUAL-IN-LINE PACKAGE SE3700722JDT 


TMS370C020ANA 
TMS370C020ANL 
TMS370C020ANT 
TMS370C022ANA 
TMS370C022ANL 
TMS370C022ANT 
TMS370C320ANA 
TMS370C320ANL 
TMS370C320ANT 
TMS370C322ANA 
TMS370C322ANL 
TMS370C322ANT 
TMS370C722NT 


JC — 40 pin CERAMIC SHRINK DUAL-IN-LINE JC(R-CDIP-T40) CERAMIC SIDE-BRAZE SE370C722JCT 
(70-mil pin spacing) | PACKAGE (CSDIP) DUAL-IN-LINE PACKAGE 


TMS370C020ANJA 
TMS370C020ANJL 
TMS370C020ANJT 
TMS370C022ANJA 
TMS370C022ANJL 
TMS370C022ANJT 
TMS370C320ANJA 
TMS370C320ANJL 
TMS370C320ANJT 
TMS370C322ANJA 
TMS370C322ANJL 
TMS370C322ANJT 
TMS370C722NJT 


T NJ formerly known as N2; the mechanical drawing of the NJ is identical to the N2 package and did not need to be requalified. 


FN — 44 pin PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED 
(50-mil pin spacing) | (PLCC) CHIP CARRIER 


N — 40 pin PLASTIC DUAL-IN-LINE PACKAGE N(R-PDIP-T**) PLASTIC DUAL-IN-LINE 
(100-mil pin spacing) | (PDIP) PACKAGE 


PLASTIC SHRINK DUAL-IN-LINE NJ(R-PDIP-T**) PLASTIC SHRINK 
(70-mil pin spacing)t_| PACKAGE (PSDIP) DUAL-IN-LINE PACKAGE 


baa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 6-55 


TMS370Cx2x 
8-BIT MICROCONTROLLER 


SPNS018B — FEBRUARY 1993 — REVISED MARCH 1996 


sa TEXAS 
INSTRUMENTS 


6-56 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


General Information _ 


-TMS370Cx1x DataSheet =—s_—y 
-TMS370Cx2x Data Sheet 


TMS370CxCx Data Sheet — 


Mechanical Data 


yOoYS bed CEXOOZESINL : 


7-2 


i} 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


CMOS/EEPROM/EPROM Technologies on 

a Single Device 

— Mask-ROM Devices for High-Volume 
Production 

— One-Time-Programmable (OTP) EPROM 
Devices for Low-Volume Production 

~ Reprogrammable-EPROM Devices for 
Prototyping Purposes 

internal System Memory Configurations 

— On-Chip Program Memory Versions 
— ROM: 8K Bytes 
— EPROM: 8K Bytes 

- Data EEPROM: 256 Bytes 

— Static RAM: 256 Bytes Usable as 
Registers 

Flexible Operating Features 

— Low-Power Modes: STANDBY and HALT 

— Commercial, Industrial, and Automotive 
Temperature Ranges 

— Clock Options 
— Divide-by-1 (2 MHz—5 MHz SYSCLK) 

Phase-Locked Loop (PLL) 

— Divide-by-4 (0.5 MHz—5 MHz SYSCLK) 

— Supply Voltage (Vcc) 5 V +10% 

Programmable Acquisition and Control 

Timer (PACT) Module 

— Input Capture on up to Six Pins, Four of 
Which Can Have a Programmable 
Prescaler 

— One Input Capture Pin Can Drive an 8-Bit 
Event Counter 

— Up to Eight Timer-Driven Outputs 

— Interaction Between Event Counter and 
Timer Activity 

— 18 Independent Interrupt Vectors 

— Watchdog With Selectable Time-Out 
Period 

— Asynchronous Mini Serial 
Communication Interface (Mini SCI) 

Flexible Interrupt Handling 

— Two Software-Programmable Interrupt 
Levels 

— Global- and Individual-Interrupt Masking 

— Programmable Rising- or Falling-Edge 
Detect 

— Individual-interrupt Vectors 
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FZ AND FN PACKAGES 
(TOP VIEW) 


Eight-Channel 8-Bit Analog-to-Digital 

Converter 1 (ADC1) 

TMS370 Series Compatibility 

— Register-to-Register Architecture 

— 256 General-Purpose Registers 

— 14 Powerful Addressing Modes 

— Instructions Upwardly Compatible With 
All TMS370 Devices 

CMOS/TTL Compatible I/O Pins/Packages 

— All Peripheral Function Pins Software 
Configurable for Digital |/O 

— 14 Bidirectional Pins, Nine Input Pins 

— 44-Pin Plastic and Ceramic Leaded Chip 
Carrier (LCC) Packages 

Workstation/PC-Based Development 

System 

— C Compiler and C Source Debugger 

Real-Time In-Circuit Emulation 

Multi-Window User Interface 

Microcontroller Programmer 

Extensive breakpoint/Trace Capability 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 
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Pin Descriptions 


eee | Speer 


Port A is a general-purpose bidirectional |/O port. 


Port D is a general-purpose bidirectional port. 
D3 Also configurable as SYSCLK (see Note 1) 
D4/CP3 PACT input capture 3 (see Note 2) 
D6/CP4 PACT input capture 4 (see Note 2) 
D7/CP5 21 PACT input capture 5 (see Note 2) 


PACT Input capture pin 1 
PACT Input capture pin 2 
PACT Input capture pin 3 


ANO/EO on ADC®* analog input pins (ANO—AN7)/port E digital input pins (EO—E7) 

AN1/E1 

AN2/E2 

AN3/E3 Port E: can be programmed individually as a general-purpose digital input pin if it is not used as ADC1 analog 
AN4/E4 input or positive reference input. 

AN5/E5 

AN6/E6 

AN7/E7 


External interrupt (non-maskable or maskable)/ general-purpose input pin 
External maskable interrupt input/general purpose bidirectional pin 
External maskable interrupt input/general purpose bidirectional pin 


PACT output pin 1 
PACT output pin 2 
PACT output pin 3 
PACT output pin 4 
PACT output pin 5 
PACT output pin 6 
PACT output pin 7 
PACT Staak pin 8 


System reset bidirectional pin; as input pin, RESET initializes the microcontroller; as open-drain output, 
RESET indicates that an internal failure was detected by watchdog or oscillator fault circuit. 


1 eee FE SEY Mode control input pin; enables EEPROM write protection override (WPO) mode, also EPROM Vpp 


XTAL2/CLKIN 38 Internal oscillator crystal input/ External clock source input 
XTAL1 37 Internal oscillator output for crystal 


Positive supply voltage for digital logic and digital I/O pins 

Ground reference for digital logic and digital I/O pins 

ADC1 positive supply voltage and optional positive reference input 
ADC1 ground supply and low reference input pin 


T | = input, O = output 
NOTES: 1. D3 can be configured as SYSCLK by appropriately programming the DPORT1 and DPORT2 registers. 
2. These digital I/O buffers are connected internally to some of the PACT module’s input capture pins. This allows the microcontroller 
to read the level on the input capture pin, or if the port D pin is configured as an output, to generate a capture. Be careful to leave 
the port D pin configured as ani input if the corresponding input capture pin is being driven by external circuitry. 
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functional block diagram 


XTAL2/ rns : 
INT1 INT2 INT3 XTAL1 CLKIN MC RESET ANO-AN7 
SRE? PAPER es E BAPE AS EP ie ay 


A-to-D SS Vec3 
Converter 1 Vss3 


Clock Options: 
Divide-By-4 or ah 
Divide-By-1(PLL)}  Contro 


RAM 
Register File 
256 Bytes 
Program Memory Data EEPROM 
ROM: 8K Bytes 256 Bytes 
EPROM: 8K Bytes 


CP1 


CP6 
OP1 


OP8 


TS ae ok eee SCITXD 
iis a asl aap le SCIRXD 
Watchdog 


Voct 


Vssi 


description 


The TMS370C032A, TMS370C332A, TMS370C732A, and SE370C732A devices are members of the TMS370 
family of single-chip 8-bit microcontrollers. Unless otherwise noted, the term TMS370Cx32 refers to these 
devices. The TMS370 family provides cost-effective real-time system control through integration of advanced 
peripheral-function modules and various on-chip memory configurations. 


The TMS370Cx32 family of devices is implemented using high-performance silicon-gate CMOS EPROM and 
EEPROM technologies. Low-operating power, wide-operating temperature range, and noise immunity of 
CMOS technology coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370Cx32 devices attractive for system designs for automotive electronics, industrial motors, computer 
peripheral controls, telecommunications, and consumer applications. 


All TMS370Cx32 devices contain the following on-chip peripheral modules: 
@® Programmable acquisition and control timer (PACT) 

— Asynchronous mini SCI 

— PACT watchdog timer 
® Eight channel, 8-bit analog-to-digital converter 1 (ADC1) 
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description (continued) 


Table 1 provides a memory configuration overview of the TMS370Cx32 devices. 


Table 1. Memory Configurations 


PROGRAM MEMORY DATA MEMORY 
DEVICE (BYTES) 44 PIN PACKAGES 
ROM EEPROM 


TMS370C032A 


TMS370C332A 
TMS370C732A 
SE370C732AT 


Tt System evaluators and development are for use only in prototype environment, and their reliability has not been characterized. 


The suffix letter (A) appended to the device names shown in the device column of Table 1 indicates the 
configuration of the device. ROM or EPROM devices have different configurations as indicated in Table 2. ROM 
devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 2. Suffix Letter Configuration 


DEVICET CLOCK LOW-POWER MODE 
EPROM A Divide-by-4 (Standard oscillator) Enabled 
ROM A Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


t Refer to the “device numbering conventions” section for device nomenclature and to the “device part numbers” section for ordering. 


The 8K bytes of mask-programmable ROM in the associated TMS370Cx32 devices are replaced in the 
TMS370C732A with 8K bytes of EPROM. All other available memory and on-chip peripherals are identical 
except for the TMS370C332A which does not have EEPROM memory. The OTP (TMS370C732A) and 
reprogrammable (SE370C732A) devices are available. 


The TMS370C732A OTP device is available in a plastic package. This microcontroller is effective to use for 
immediate production updates for other members of the TMS370Cx32 family or for low-volume production runs 
when the mask charge or cycle time for the low-cost mask ROM devices is not practical. 


The SE370C732A has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development/prototyping phase of design. The SE370C732A device allows quick updates to 
breadboards and prototype systems while iterating initial designs. 


The TMS370Cx32 family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator, the PACT counter, and PACT’s first command/definition entry 
remain active. This allows the PACT module to bring the device out of STANDBY mode. In the HALT mode, all 
device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370Cx32 features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx32 family is fully 
instruction-set-compatible, providing easy transition between members of the TMS370 8-bit microcontroller 
family. 


The TMS370Cx32 has a PACT module that acts as a timer coprocessor by gathering timing information on input 
signals and controlling output signals with little or no intervention by the CPU. The coprocessor nature of this 
module allows for levels of flexibility and power not found in traditional microcontroller timers. 


v3 TEXAS 
INSTRUMENTS 


7-6 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx32 
8-BIT MICROCONTROLLER 


SPNS015B — FEBRUARY 1990 — REVISED MARCH 1996 


description (continued) 


The TMS370Cx32 family provides the system designer with an economical, efficient solution to real-time control 
applications. The PACT compact development tool (CDT™) solves the challenge of efficiently developing the 
software and hardware required to design the TMS370Cx32 into an ever-increasing number of complex 
applications. The application source code can be written in assembly and C language, and the output code can 
be generated by the linker. Precise real-time, in-circuit emulation and extensive symbolic debug and analysis 
tools ensure efficient software and hardware implementation as weil as a reduced time-to-market cycle. 


The TMS370Cx32 family together with the TMS370 PACT CDT370, BP programmer, starter kit, software tools, 
the SE370C732A reprogrammable devices, comprehensive product documentation, and customer support 
provide a complete solution to the needs of the system designer. 


central processing unit (CPU) 


C 


The CPU on the TMS370Cx32 device is the high-performance 8-bit TMS370 CPU module. The ’x32 implements 
an efficient register-to-register architecture that eliminates the conventional accumulator bottleneck. The 
complete ’x32 instruction map is shown in Table 15. 


The ’370Cx32 CPU architecture provides the following components: 
CPU registers: 


@ A stack pointer (SP) that points to the last entry in the memory stack 

@ Astatus register (ST) that monitors the operation of the instructions and contains the global interrupt-enable 
bits 

@ A program counter (PC) that points to the memory location of the next instruction to be executed 


A memory map that includes: 


@ 256-byte general-purpose RAM that can be used for data memory storage, program instructions, general 
purpose register, dual-port RAM, or the stack 

@ The upper 128-bytes of the register file is called dual-port RAM that contains the capture registers, the 
circular buffer, and a command/definition area. 

® A peripheral file that provides access to all internal peripheral modules, system-wide control functions, and 
EEPROM/EPROM programming control 

@ 256-byte EEPROM module that provides in-circuit programmability and data retention in power-off 
conditions 

® 8K-byte ROM or 8K-byte EPROM 


DT is a trademark of Texas Instruments Incorporated. 
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central processing unit (CPU) (continued) 


Figure 1 Illustrates the CPU registers and memory blocks. 


15 sisi Counter 0 


7 Stack Pointer (SP) 0 Legend: 
C=Carry 
N=Negative 
Status Register (ST) Z=Zero 
pe [Nn | z [v tea} 11] — | V=Overflow 
» pute eer eae teal to et eee, 1E2 = Level 2 interrupts Enable 


IE1 = Level 1 interrupts Enable 
RAM (Includes up to 256-Byte Registers File) 


007Fh 


OOFFh 


Reservedt 


T Reserved means the address space is reserved for future expansion. 


Figure 1. Programmer’s Model 


stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. Typically, the stack 
is used to store the return address on subroutine calls as well as the ST contents during interrupt sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 
onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 
on-chip RAM. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits. 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional-jump instructions) use the status bits to determine program flow. 


® The two interrupt-enable bits control the two interrupt levels. 
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central processing unit (CPU) (continued) 


The ST, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Registers 


SS A 
RW-0O RW-0O 


RW-0 RW-0 RW-0 


R = read, W = write, 0 = value after reset 
program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most significant byte (MSbyte) and least significant byte (LSbyte) of a 16-bit address. 


During reset, the contents of the reset vector (7FFEh, 7FFFh) are loaded into the PC. The PCH (MSbyte of the 
PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is loaded with the 
contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 6000h as the 
contents of the reset vector. 


Program Counter (PC) 
Memory PCH PCL 


sacs oe ee es Be 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx32 architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. As shown in Figure 3, the TMS370Cx32 provides memory-mapped RAM, ROM, EPROM, data 
EEPROM, I/O pins, peripheral functions, and system-interrupt vectors. 


The peripheral file contains all |/O port control, peripheral status and control, EEPROM, EPROM, and 
system-wide control functions. The peripheral file is located between 1000h to 107Fh and is divided logically 
into eight peripheral file frames of 16 bytes each. The eight PF frames consist of five control frames and three 
reserved frames.Each on-chip peripheral is assigned to a separate frame through which peripheral control and 
data information is passed. 
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central processing unit (CPU) (continued) 


Peripheral File Control Registers 


Reservedt Reset 7FFEh-7FFFh 


0000h System Control 1010h-101Fh 
256-Byte RAM (0000h-00FFh 
ye ( ) Digital Port Control 1020h-—102Fh 
0080h 
OOFFh 
0100h PACT Peripheral Control 1040h-104Fh 
ADC1 Peripheral Control 1070h-107Fh 
OFFFh 
1000h 
Peripheral File Vectors 
10BFh 
10COh PACT interrupt 1-18 7F9Ch-7FBFh 
1EFFh 
256-Byte Data EEPROM 
6000h Ss 8K-Byte ROM/EPROM 
7F9Ch Interrupts and Reset Vectors; ee. ee 7FFAh-—7FFBh 
7FFFh Trap and PACT Vectors 
8000h | interrupt | 7FFCh-7FFDn 


FFFFh 
Tt Reserved means that the address space is reserved for future expansion. 


Figure 3. TMS370Cx32 Memory Map 
RAM/register file (RF) 


Locations within the RAM address space can serve as the RF, general-purpose read/write memory, program 
memory, or the stack instructions. The TMS370Cx32 devices contain 256 bytes of internal RAM, 
memory-mapped beginning at location 0O000h (RO) and continuing through location OOFFh (R255) which is 
shown in Figure 1. 


The first two registers, RO and R11, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 


dual-port RAM 


The upper 128 bytes of the register files (0080h — OOFFh) can be used by the PACT module to contain 
commands and definitions as well as timer values. Any RAM not used by PACT can be used as additional CPU 
register or as general-purpose memory. 
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The TMS370Cx32 control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decimal designator. For example, the system-control register 0 (SCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal designator is P16. Table 4 
shows the TMS370Cx32 PF address map. 


Table 4. TMS370Cx32 Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


1070h-—107Fh * P0O70-—PO07F Analog-to-digital converter 1 registers 
1080h—10FFh P080—POFF 


data EEPROM 


The TMS370Cx32 devices, containing 256 bytes of data EEPROM, have a memory that is mapped beginning 
at location 1FO00h and continuing through location 1FFFh. Writing to the data EEPROM module is controlled 
by the data EEPROM control register (DEECTL) and the write-protection register (WPR). Programming 
algorithm examples are available in the TMS370 Family User’s Guide (literature number SPNU127) or the 
TMS370 Family Data Manual (literature number SPNS014B). The data EEPROM features include the following: 


@® Programming: 
—  Bit-, byte-, and block-write/erase modes 
— Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the DEECTL located in the PF frame 
beginning at location PO1A. See Table 5. 


—  In-circuit programming capability. There is no need to remove the device to program it. 
@ Write protection. Writes to the data EEPROM are disabled during the following conditions. 

— Reset. All programming of the data EEPROM module is halted. 

— Write protection active. There is one write-protect bit per 32-byte EEPROM block. 

— Low-power mode operation 


® Write protection can be overridden by applying 12 V to MC. 


Table 5. Data EEPROM and PROGRAM EPROM Control Registers Memory Map 


[aponess [| svmpou_[——SNAME 
eet eee 
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program EPROMTt 


The TMS370C732 device coritains 8K bytes of EPROM mapped, beginning at location 6000h and continuing 
through location 7FFFh as shown in Figure 3. Reading the program EPROM modules is identical to reading 
other internal memory. During programming, the EPROM is controlled by the EPROM control register 
(EPCTLL). The program EPROM module features include: 


@® Programming 
—  In-circuit programming capability if Vpp is applied to MC 


— Control register: EPROM programming is controlled by the EPROM control register (EPCTLL) located 
in the peripheral file (PF) frame at location PO1C as shown in Table 5. 


@ Write protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset: All programming to the EPROM module is halted 
— Low-power modes 
— 13 V not applied to MC 


program ROMtT 


The program ROM consists of 8K bytes of mask programmable read-only memory. The program ROM is used 
for permanent storage of data or instructions. Programming of the mask ROM is performed at the time of device 
fabrication. Refer to Figure 3 for ROM memory map. 


system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx32 CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
generated internally, while one (RESET pin) is controlled externally. These actions are as follows: 


@ PACT watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD 
key register, or if the re-initialization does not occur before the watchdog timer timeout . See the 7MS370 
Family User’s Guide (literature number SPNU127) for more information. 


@ Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the 7MS370 Family User’s Guide (literature number SPNU127) for more information. 


@ External RESET pin. A low level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
T™MS370 Family User’s Guide (literature number SPNU127) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x32 device to reset external system components. Additionally, if a cold start condition 
(Vcc is off for several hundred milliseconds) or oscillator failure occurs or the RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator-fault flag (OSC FLT FLAG, SCCRO.4) and the cold-start flag 
(COLD START, SCCRO.7) to determine the source of the reset. A reset does not clear these flags. Table 6 
depicts the reset sources. If none of the sources indicated in Table 1 caused the reset, then the RESET pin was 
pulled low by the external hardware or the PACT module’s watchdog. 


t Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments, and 7FECh through 7FFFh are reserved for interrupt and reset 
vectors. Trap vectors, used with TRAPO through TRAP 15 instructions are located between addresses 7FCOh and 7FDFh. PACT interrupts are 
located between addresses 7F9Ch and 7FBFh. 


7-12 
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system reset (continued) 


Table 6. Reset Sources 


REGISTER ADDRESS CONTROL BIT SOURCE OF RESET 


COLD START Cold (power-up) 
OSC FLT FLAG Oscillator out of range 


Once a reset is activated, the following sequence of events occurs: 

1. The CPU registers are initialized: ST = OOh, SP = Oth (reset state). 

2. Registers A and B are initialized to 00h (no other RAM is changed). 

3. The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
4. Thecontents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 
5. Program execution begins with an opcode fetch from the address pointed to the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


When an external reset circuit is connected to the RESET pin, the pin must be held low until the clock signal 
is valid and Vcc is within the operating range. Figure 4 shows a typical reset circuit. 


Vcc To Other Device Resets 


TMS370 


Reset In 


I¢ Reset Out 


Manual 
Reset 


Figure 4. Typical Reset Circuit 
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interrupts 


The TMS370 family software-programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global interrupt mask bits (IE1 and IE2) of 
the ST. 


PACT 
GROUP 3 GROUP 2 GROUP 1 


Cmd/Def Entry 7 a a 


Default Timer 


| Overflow oe 
Cmd/Def Entry6 = | CP1Edge 
Cmd/Def Entry 5 ae, | CP2 Edge ae 
Cmd/Def Entry 4 Pld CP3 Edge aie 
Cmd/Def Entry 3 ee | CP4 Edge ts 
Cmd/Def Entry 2 Pe | CP5 Edge aoe, EXT INT2 
Cmd/Def Entry1 — = SCITXINT — ~~ — | CP6Edge 
Cmd/Def Entry 0 Pred SCI RXINT Me | Circular Buffer = 

| 


PACT 2 PRI PACT 1 PRI INT2 PRI 


EXT INT1 CPU 


Priority 


Logic 


1E1 


Se ee 


Enable 


Level 1 INT 
Level 2 INT 


Figure 5. Interrupt Control 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is selectively configured on either the high- or 
low-priority-interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 


v3 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx32 
8-BIT MICROCONTROLLER 


SPNS015B — FEBRUARY 1990 — REVISED MARCH 1996 


interrupts (continued) 


chains is performed within the peripheral modules to support interrupt expansion for future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370Cx32 has 22 hardware system interrupts (plus RESET) as shown in Table 7. Each system interrupt 
has a dedicated vector located in program memory through which control is passed to the interrupt service 
routines. A system interrupt may have multiple interrupt sources. All the interrupt sources are individually 
maskable by local interrupt enable control bits in the associated peripheral file. Each interrupt source FLAG bit 
is individually readable for software polling or for determining which interrupt source generated the associated 
system interrupt. 


Nineteen of the system interrupts are generated by on-chip peripheral functions, and three external interrupts 
are supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input 
polarity (rising or falling edge) for ease of system interface. External interrupt INT1 is software configurable as 
either a maskablie or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked 
by the individual- or global-enable mask bits. The INT1 NMI bit is protected during non-privileged operation and, 
therefore, should be configured during the initialization sequence following reset. To maximize pin flexibility, 
external interrupts INT2 and INT3 can be software configured as general-purpose input/output pins if the 
interrupt function is not required (INT1 can be similarly configured as an input pin). 
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interrupts (continued) 


Table 7. Hardware System Interrupts 
INTERRUPT INTERRUPT 


SOURCE FLAG OSC FLT FLG 
External RESET COLD START 
RESET Watchdog Overflow (No Flag) 
Oscillator Fault OSC FLT FLAG 


INT1 External Interrupt 1 INT1 FLAG INT1 7FFCh, 7FFDh 
INT2 External Interrupt 2 INT2 FLAG INT2t 7FFAh, 7FFBh 
INTS3 External Interrupt 3 INT3 FLAG INT3t 7FF8h, 7FF9h 


PACT Circular Buffer Buiter Hall/Full BUFINT 7FBOh, 7FBih 
Interrupt Flag 
PACT CP6 Event CP6 INT FLAG CP6INT 7FB2h, 7FB3h 
PACT CP5 Event CP5 INT FLAG CPS5INT 7FB4h, 7FB5h 
PACT (Group 1) 


PRIORITY 


SYSTEM VECTOR MODULE 
INTERRUPT ADDRESS PRIORITYT 


RESET+ 7FFEh, 7FFFh 


Default Timer DEFTIM OVREFL INT POVRL 

PACT SCI Rx Int PACT RX RDY PRXINT | 7F9Eh, 7F9Fh 
PACT (Group 2) 

PACT SCI Tx Int PACT TX RDY PTXINT | 7F9Ch, 7F9Dh 

PACT Cmd/Def Entry 0 CMD/DEF INTOFLAG | CDINTO | 7FAOh, 7FAth 

PACT Cmd/Def Entry 1 CMD/DEF INT1FLAG |  CDINT 1 7FA2h, 7FASh 

PACT Cmd/Def Entry 2 CMD/DEF INT2FLAG | CDINT2 | 7FA4h, 7FASh 

PACT Cmd/Def Entry 3 CMD/DEF INT3FLAG | CDINT3 | 7FAGh, 7FA7h 
PACT (Group 3) 

PACT Cmd/Def Entry 4 CMD/DEF INT4FLAG | CDINT4 | 7FA8h, 7FAQh 

PACT Cmd/Def Entry 5 CMD/DEF INT5FLAG | CDINT5 | 7FAAh, 7FABh 

PACT Cmd/Def Entry 6 CMD/DEF INT6 FLAG | CDINT6 | 7FACh, 7FADh 

PACT Cmd/Def Entry 7 CMD/DEF INT7FLAG | CDINT7 | 7FAEh, 7FAFh 

ADC1 Conversion Complete | AD INT FLAG ADINT 7FECh, 7FEDh 


tT Relative priority within an interrupt level 
+ Release microcontroller from STANDBY and HALT low-power modes 


privileged operation and EEPROM write protection override 


The TMS370Cx32 family is designed with significant flexibility to enable the designer to software-configure the 
system and peripherals to meet the requirements of a variety of applications. The nonprivileged mode of 
operation ensures the integrity of the system configuration, once it is defined for an application. Following a 
hardware reset, the TMS370Cx32 operates in the privileged mode, where all peripheral file registers have 
unrestricted read/write access, and the application program configures the system during the initialization 
sequence following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is 
set to 1 to enter the nonprivileged mode, disabling write operations to specific configuration-control bits within 
the PF. Table 8 displays the system-configuration bits which are write-protected during the nonprivileged mode 
and must be configured by software prior to exiting the privileged mode. 
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privileged operation and EEPROM write protection override (continued) 


Table 8. Privilege Bits 


REGISTERT 
CONTROL BIT 
[Thame — | LOCATON 
P0105 PF AUTO WAIT 
SCCRO P010.6 OSC POWER 
BS P0112 MEMORY DISABLE 
PO11.4 AUTOWAIT DISABLE 


PRIVILEGE DISABLE 
INT1 NMI 

CPU STEST 

BUS STEST 


PWRDWN/ IDLE 
HALT/STANDBY 


PACT PRESCALE SELECT 0 
PACT PRESCALE SELECT 1 

PACTSCR PACT PRESCALE SELECT 2 
PACT PRESCALE SELECT 3 
FAST MODE SELECT 


PACT WD PRESCALE SELECT 0 
PACT WD PRESCALE SELECT 1 
PACT MODE SELECT 

PACTPRI PACT GROUP 3 PRIORITY 
PACT GROUP 2 PRIORITY 
PACT GROUP 1 PRIORITY 
PACT STEST 


PO7F.5 AD ESPEN 
ADPRI PO7F.6 AD PRIORITY 
PO7F.7 AD STEST 


t The privilege bits are shown in a bold typeface in the peripheral file 
frame 1 section. 


low-power and IDLE modes 


The TMS370Cx32 devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls the low-power mode selection. | 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, the PACT counter, and the first PACT command entry remain active in 
all modules. System processing is suspended until a qualified interrupt (hardware RESET or external interrupt 
on INT1, INT2, or INT3) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370Cx32 is placed in its lowest power consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET or external interrupt on the INT1, INT2, or INTS) is 
detected. The power-down mode-selection bits are summarized in Table 9. 
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low-power and IDLE modes (continued) 


Table 9. Low-Power/Idle Control Bits 


| POWER-DOWN CONTROL BITS | 
PWRDWN/IDLE —PeMEn DOWN oN MODE SELECTED 
(SCCR2.6) (SCCR2.7) 
Hea iss STANDBY 


TX = don't care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an IDLE instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method for always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI is generated always, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (SP, PC, and ST), I/O pin direction and output data, and status registers of all on-chip peripheral 
functions. Since all CPU instruction processing is stopped during the STANDBY and HALT modes, the clocking 
of the WD timer is inhibited. 


clock modules 


The ’x32 family provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 microcontroller. The x32 masked-ROM devices offer both options to meet 
system engineering requirements. Only one of the two clock options is allowed on each ROM device. The’732A 
EPROM has only the divide-by-4. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a one-to-one match of the external resonator frequency (CLKIN) to the internal system 
clock (SYSCLK) frequency, whereas the divide-by-4 produces a SYSCLK which is one-fourth the frequency of 
the external resonator. Inside the divide-by-1 module, the frequency of the external resonator is multiplied by 
four, and the clock module then divides the resulting signal by four to provide the four-phased internal system 
clock signals. The resulting SYSCLK is equal to the resonator frequency. These are formulated as follows: 


external resonator frequency _ CLKIN 
; — VENIN 


external resonator frequency x 4 
4 


The main advantage of choosing a divide-by-1 oscillator is the reduced EMI. The harmonics of low-speed 
resonators extend through fewer of the emissions spectrum than the harmonics of faster resonators. The 
divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a steeper 
decay of emissions produced by the oscillator. 


Divide-by-4 option: SYSCLK = 


Divide-by-1 option: SYSCLK = = CLKIN. 


Ww TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx32 
8-BIT MICROCONTROLLER 


SPNS015B — FEBRUARY 1990 — REVISED MARCH 1996 


system configuration registers 


Table 10, contains system-configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in a bold typeface and shaded areas. 


Table 10. Peripheral File Frame 1: System-Configuration Registers 


PF BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O REG 
COLD OSC PF | OSC FLT MC PIN MC PIN uP/uC 
| MEMORY 
Po12 HALT/ PWRDWN/ "BUS CPU INT1 PRIVILEGE SCCR2 
STANDBY IDLE STEST -STEST NMI DISABLE 
P013 
to Reserved 
P016 
P017 INT1 INT1 INT1 INT1 INT1 INT4 
FLAG PIN DATA POLARITY | PRIORITY ENABLE 
Po18 INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR | DATA OUT | POLARITY | PRIORITY ENABLE 
Po19 INT3 INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA DIR | DATA OUT | POLARITY | PRIORITY ENABLE 
pol pu, | — | - | — | — | #® | wiwo DEECTL 
POiB Reserved 
orl me wel = va TT | ee ee 


PO1D 
PO1E 
PO1F 


Reserved 
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digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 11 shows the specific 
addresses, registers, and control bits within this peripheral file frame. Table 12 shows the port configuration 
register setup. 


Table 11. Peripheral File Frame 2: Digital Port-Control Registers 


Reserved 


Port D Control Register 1 Port D Control Register 1 
(must be 0) (must be 0) 
Port D Control Register 2 Port D Control Register 2 
(must be 0) (must be 0)T 
Port D Direction Port D Direction 


Tt To configure pin D3 as SYSCLK.,, set port D control register 2 = 08h. 


Table 12. Port Configuration Register Setup 


a = Port x Control Register 1 
b = Port x Control Register 2 
c = Data 
d = Direction 


programmable acquisition and control timer (PACT) module 


Traditionally, timers in microcontrollers provide limited capture and compare functions consuming significant 
CPU processing power, leading to inaccurate timings due to interrupt latencies. The programmable acquisition 
and control timer (PACT8) acts as a coprocessor combining configurable capture and compare features, within 
a flexible dual-port RAM, able to run real-time tasks with little or no CPU intervention. The PACT structure allows 
concatenation of tasks, thus enabling the CPU to perform data manipulation while the PACT module both 
captures and outputs real-time-related information. Since all the PACT control information is held within the 
dual-port RAM, the CPU can access these parameters quickly. 


To use the PACT, the user must set up three distinct areas of memory. The first is the dual-port RAM, which 
contains the capture area, the commands, and the timer definitions. The second is the peripheral frame. The 
third is an area near the end of the program memory which holds the interrupt vectors of PACT. 
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programmable acquisition and control timer (PACT) module (continued) 


The PACT module features include the following: 


Input-capture functions on up to six input pins (CP1 to CP6), depending on the mode selected: 

— Mode A: CP1-2 are dedicated capture, CP3-6 are circular-buffer capture, and CP6 is an event pin. 
— Mode B: CP1-4 are dedicated capture, CP5-6 are circular-buffer capture, and CP6 is an event pin. 
Multiple timer-driven outputs on eight pins (OP1 to OP8) 


— Standard compare command: sets or clears an output pin whenever the timer/counter is equal to a 
certain value 


— Virtual timers: Enable variations of the PWM’s period and provides periodic interrupts to the processor. 


— Double event-compare command: Comparisons of the 8-bit event counter with two event-compare 
values and the actions that can be performed are based on each value. 


— Event-compare 1 matching the event counter: sets or resets the selected output pin (OP1—OP8), 
generates interrupt, and generates a 32-bit capture into the circular buffer. 


— Event-compare 2 matching the event counter: sets or resets the selected output pin (OP1—OP8), 
generates interrupt, generates a 32-bit capture into the circular buffer, and resets the 20-bit default 
timer. 


— Offset timer definition-time from last event: 
— Generates an interrupt when the maximum event count is reached 
— Stores the 16-bit virtual timer in the circular buffer on each event 


— Stores the 20-bit default timer and 8-bit event counter in the circular buffer when the maximum 
event count is reached 


— Resets the 20-bit hardware default timer when the maximum event count is reached 
— Conditional-compare command has a timer-compare value and an event-compare value. 


— Generates an interrupt when the event-compare value equals the event counter and the 
timer-compare value equals the last defined timer 


— Sets or clears one of the seven output pins (OP 1—OP7) when the event compare value equals the 
event counter and the timer-compare value equals the last defined timer 


— Baud rate timer definition: runs the mini-serial communications port built into the PACT module. 
Configurable timer overflow rates 

One 8-bit event counter driven by CP6 

Up to 20-bit timer capability 

Interaction between event counter and timer activity 

Register-based organization allowing direct access to timer parameters by the CPU 

18 independent interrupt vectors with two priority levels 


Integrated, configurable watchdog with selectable time-out period 
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programmable acquisition and control timer (PACT) module (continued) 


@® Mini-serial communications interface works as a_ simplified full duplex universal asychronous 
receiver/transmitter (UAFIT) with independent setup of baud rate for receive and transmit lines. 


— Asynchronous communications mode 


Asynchronous Baud = SSS SASS bere haan nme ne IS 


(Max Virtual Timer Value) x (4) x (PACT Resolution) 
where PACT Resolution = SYSCLK x Prescale Value 


PACT block diagram 
The PACT module block diagram is illustrated in Figure 6. 


PACT PRESCALED CLOCK 


20-Bit Timer / Counter 
8-Bit Event Counter 


Watchdog Timer 


CP1 Dedicated Capture Register 1 
CP2 Dedicated Capture Register 2 
Dedicated Capture Register 3 

Dedicated Capture Register 4 


CP3 
CP4 
CP5 
CP6 ; 
3-Bit Prescaler Circular Buffer 
(32-—Bit Captures) 
OPT1 
OPT2 
OPT3 
OPT4 
EVENT ONLY Command/ Definition Area Outputs OPTS 
OPT6 
OPT7 
OPT8 
Command Analyzer 
and 
Output Controller 2 int Level 1 


OS IL 


Figure 6. PACT Block diagram 


sa TEXAS 
INSTRUMENTS 


7-22 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx32 
8-BIT MICROCONTROLLER 


SPNS015B — FEBRUARY 1990 — REVISED MARCH 1996 


PACT control registers 


The PACT module is controlled and accessed through registers in peripheral frame 4. These registers are listed 
in Table 13. The bits in shaded boxes are privileged mode bits; that is, they can be written to only in the privileged 


mode. 
Table 13. PACT Control Registers 
PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
DEFTIM DEFTIM eiaEe te FAST PACT PACT | PACT |= PACT 
P040 | OVRFL OVRFL peng Sa MODE PRESCALE | PRESCALE | PRESCALE | PRESCALE | PACTSCR 
INT ENA INT FLAG | SELECT | SELECT3 | SELECT2 
CMD/DEF CMD/DEF | CMD/DEF CMD/DEF | CMD/DEF 
P041 AREA AREA AREA AREA CDSTART 
INT ENA START BIT 5 | START BIT 4 | START BIT 3 | START BIT 2 
CMD/DEF | CMD/DEF | CMD/DEF CMD/DEF | CMD/DEF 
P042 AREA AREA AREA AREA AREA END CDEND 
END BIT6 | ENDBIT5 | ENDBIT4 | ENDBIT3 BIT 2 
BUFFER BUFFER BUFFER BUFFER BUFFER 
P043 1 1 POINTER POINTER POINTER POINTER POINTER BUFPTR 
BIT 5 BIT 4 BIT 3 BIT 2 
P044 Reserved 


PACT PACT PACT PACT SCI_| PACT SCI PACT SCI 
RXRDY TXRDY PARITY PACTFE | Rx INTENA | TX INT ENA Seer SW RESET | SCIGTLP 
PACT PACT PACT PACT PACT PACT PACT PACT 
RXDT7 RXDT6 RXDTS5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 
PACT PACT PACT PACT PACT PACT PACT PACT 
TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 
PACT OP8 | PACTOP7 | PACTOPe | PACTOPS | PACTOP4 | PACTOP3 | PACTOP2 | PACTOP1 
STATE STATE STATE STATE STATE STATE STATE STATE 
CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF 
INT 7 FLAG | INT6FLAG | INTSFLAG | INT4FLAG | INT3FLAG | INT2FLAG | INT1FLAG | INTOFLAG 
CP2 INT cp2int | CP2GAPT | CP2CAPT PF " G5, int CP1 INT CPT CAPT 
ap fae RISING FALLING oe. oe FALLING |CPCTL1 
EDGE EDGE EDGE 
ease ceaint | CP4CART | CpaCaPT | oo an cpainr_| CP8CAPT | CP3 CAPT 
mp nae RISING FALLING ne on RISING FALLING 
EDGE EDGE EDGE EDGE 
CP6 CAPT | CP6 CAPT CP5CAPT | CP5 CAPT 
ss tg eG RISING FALLING hited Bs RISING FALLING | CPCTL3 
EDGE EDGE EDGE EDGE 


RXBUFP 


TXBUFP 


PSTATE 


CDFLAGS 


P04B CPCTL2 


PO4C 
INPUT INPUT INPUT 
BUFFER BUFFER EVENT 
CAPT CAPT CAPT CP6 EVENT OP/ SET/CLR 
PO4D | HALF/FULL | HALF/FULL COUNTER CPPRE 
INT ENA INT FLAG PRESCALE | PRESCALE | PRESCALE ONLY SW RESET SELECT 


SELECT 3 SELECT 2 SELECT 1 
WATCHDOG RESET KEY 


PACT PACT 
GROUP 2 GROUP 3 
PRIORITY PRIORITY 


PO4E WDRST 


PACT WD PACT WD 
PRESCALE | PRESCALE | PACTPRI 
SELECT 1 SELECT 0 


PACT 
MODE 
SELECT 


PACT 
GROUP 1 
PRIORITY 


PACT 
SUSPEND 


PO4F 
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analog-to-digital converter 1 module 


The analog-to-digital converter 1 (ADC1) module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has four multiplexed analog input channels that allow the processor to 
convert the voltage levels from up to eight different sources. The ADC1 module features include the following: 


@ Minimum conversion time: 32.8 us at 5 MHz SYSCLK 
@ Ten external pins: 


— Eight analog-input channels (ANO—AN7), any of which can be software-configured as digital inputs 
(EQ—E7) when not needed as analog channels 


— AN1-—AN7 also can be configured as positive-input voltage reference. 
— Vocg3: ADC1 module high-voltage reference input 
— Vgs3: ADC1 module low-voltage reference input 
@ The ADDATA register, which contains the digital result of the last ADC1 conversion. 
@ ADC1 operations can be accomplished through either interrupt-driven or polled algorithms. 
@ Six ADC1 module control registers located in the control-register frame beginning at address 1070h 


The ADC1 module control registers are listed in Table 14. 


Table 14. ADC1 Module Control Register Memory Map 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
PO70 CONVERT SAMPLE REF VOLT REF VOLT REF VOLT AD INPUT AD INPUT AD INPUT ADCTL 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 

AD INT AD INT 


PO72 A/D Conversion Data Register ADDATA 
P073 

to Reserved 
PO7C 


PO7D Port E Data Input Register ADIN 
PO7E Port E Input Enable Register ADENA 


AD 
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analog-to-digital converter 1 module (continued) 


The ADC1 module block diagram is illustrated in Figure 7. 


Port E Input ager er 
ENA 0 | =~ ite | 
ADENA.0 | SAMPLE CONVERT 
pom on ae | eae START START 
ted eos O ADCTL.2-0 ADCTL.6 ADCTL.7 
oO npu 
ENA 1 | Port E Data || ap INPUT SELECT 


| AN 1 | 
[| ANI >——————_o-—~"_ || | 
@ 
Port E Input 
ENA “4 | Port E Data | 


eee. See 
GED 


Port E Input 
ik “i | Port E Data | 


| AN3 | 
Cavers) 'Caoma) 


@ 
Port E Input 
ENA My | Port E Data | 


| a | 
ADENA.4 3 : aaa : 


ADDATA.7-0 


A-to-D 


Conversion 
Data Register 


Port E Input 
ENA . | Port E Data | AD READY 
ADSTAT.2 


Cae) Cooma)’ 
 ADENAS J g 
>on) 


AN 6 


Port E Input | | til le 


7 
ENA AN7 


ADENA.7 | | ADSTAT. 1 
* ADIN.7 }| 
Ibe 
O 


ol Level 2 INT 


AD PRIORITY 
Port E Input ir (| ApDPRI.6 )_5® Level 1 INT 
ENA 6 | | ; | 
| 


Port E Data | 
| 
| 


AD INT FLAG 


U 
° 
+ 
iT 
oO 
pt) 
- 
» 


cama 
oes > AD INT ENA 
| Yss3 > 


Figure 7. ADC1 Block Diagram 
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instruction set overview 


Table 15 provides an opcode to instruction cross reference of all 73 instructions and 274 opcodes of the 
‘370Cx32 instruction set. The numbers at the top of this table represent the most significant nibble (MSN) of 
the opcode while the numbers at the left side of the table represent the least significant nibble (LSN). The 


instruction of these two opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that 
opcode. 


For example, the opcode B5dh points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 


7-26 
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Table 15. TMS370 Family Opcode/Instruction Mapt 


Ras} SF 


Ls 6] $a 


#n,A,ra Rs,Rd,ra | #n,B,ra 
3/8 3/9 4/11 3/8 


ADD ADD 
Rs,B Rs,Rd 
2/7 3/9 


ADC ADC 
Rs,B Rs,Rd 
2/7 3/9 


SUB SUB 
Rs,B Rs,Rd 
2/7 3/9 


<= | 
RSE] RBS 


SBB SBB 
Rs,B Rs,Rd 
2/7 3/9 


T All conditional jumps (opcodes 01—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


#n,Rd,ra 
4/10 


A,Pd,ra 
3/11 


BTJO 
#n,Pd,ra 
4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*lab[B],A 
3/12 


MOV 
A,*lab[B] 
3/12 


MOV 
#ra[SP],A 
2/7 


MOV 
A,*ra[SP] 
2/7 


CMP 
*n{SP],A 
2/8 


extend 
inst,2 
opcodes 


XCHB A/ 
TST B 
1/10 
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Table 15. TMS370 Family Opcode/Instruction Mapt (Continued) 


0 1 2 3 4 5 


MPY MPY 
Rs,B Rs,Rd 
2/46 3/48 


CMP CMP 
Rs,B Rs,Rd 
2/7 3/9 


DAC DAC 
Rs,B Rs,Rd 
2/9 3/11 


DSB DSB 
Rs,B Rs,Rd 
2/9 3/11 


Legend: 

* = _ Indirect addressing operand prefix 
& = Direct addressing operand prefix 
# = immediate operand 

#16 = immediate 16-bit number 

lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address 

Rd = Register containing destination type 

Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 

Rs = Register containing source byte 


T All conditional jumps (opcodes 01-—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 
instructions have a relative address as the last operand. 


BR 
lab 
3/9 


CMP 
& lab,A 


3/11 


CALL 


lab 


3/13 
CALLR 


lab 


3/15 


CMP 
*lab[B],A 
3/13 


CALL 
“lab[B] 


3/15 


CALLR 
*lab[B] 
3/17 


B 
RR 
A 
1/8 
RRC 
A 
1/8 
RL 
A 
1/8 
RLC 
A 
1/8 


Second byte of two-byte instructions (F4xx): 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 
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development system support 


The TMS370 family development support tools include an assembler, a C-compiler, a linker, a starter kit, CDT 
and an EEPROM/UVEPROM programmer. 


Assembler/linker (Part No. TMDS3740850-02 for PC) 

— Includes extensive macro capability 

— Provides high-speed operation 

— Includes format conversion utilities for popular formats 


ANSI C Compiler (Part No. TMDS3740855-—02 for PC, Part No. TMDS3740555-09 for HP700™, SUN-3™ 
or SUN- 4™) 


— Generate assembly code for the TMS370 that can be inspected easily 

— Improves code execution speed and reduces code size with optional optimizer pass 

— Enables direct reference to the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 

— Interfaces C functions and assembly functions easily 

— Includes assembler and linker 


CDT370 (Compact Development Tool) PACT real-time in-circuit emulation 
— Base (Part Number EDSCDT37P — for PC, requires cable) 


— Cable for 44-pin PLCC (Part No. EDSTRG44PLCC32) 
— EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Includes compatibility to upload/download program and data memory 
— Execute programs and software routines 
— Includes 1024-sample trace buffer 
— Includes single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 44-pin PLCC (Part No. TMDS3780510A) 
— PC-based, window/function-key-oriented user interface for ease of use and rapid learning environment 
Starter Kit (Part No. TMDX37000 — For PC) 
— Includes TMS370 Assembler diskette and documentation 
— Includes TMS370 Simulator 
— Includes programming adapter board and programming software 
— Does not include — (to be supplied by the user): 
— +5 V power supply 
— Z\|F sockets 
— 9-pin RS-232 cable 


HP700 is a trademark of Hewlett-Packard Company. 
SUN-3 and SUN-4 are trademarks of Sun Microsystems, Incorporated. 


vy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 7-29 


TMS370Cx32 
8-BIT MICROCONTROLLER 


SPNS015B —- FEBRUARY 1990 — REVISED MARCH 1996 
device numbering conventions 


Figure 8 illustrates the numbering and symbol nomenclature for the TMS370CX32 family. 
TMS 370 C 7 32 A FNT 


Prefix: TMS = Standard prefix for fully qualified devices 
SE = System evaluator (window EPROM) that is used for 
prototyping purpose. 


Family: 370 = TMS370 8-Bit Microcontroller Family 


Technology: C = CMOS 
wh Bs Sa Ba Program Memory Types: Mask ROM 


0 
at 3 = Mask ROM, No Data EEPROM 
7 


= EPROM 


Device Type: 32 = x32 device containing the following modules: 
ae - Analog-to-Digital Converter 1 


— Programmable Acquisition and 
Control Timer (PACT) 


Memory Size: 2 = &K bytes 
Temperature Ranges: A = -40°C to 85°C 
L= 0° to 70°C 
T = -40°C to 105°C 
Packages: FN = Plastic Leaded Chip Carrier 
FZ = Ceramic Leaded Chip Carrier 


ROM and EPROM Option: A = For ROM device, the watchdog timer can be configured 

as one of the three different mask options: 

— A standard watchdog or 

— A hard watchdog or 

-— A simple watchdog 
The clock can be either: 

— Divide-by-4 clock or 

— Divide-by-1 (PLL) clock 
The low-power modes can be either: 

— Enabled or 

— Disabled 

A = For EPROM device, a standard watchdog, a divide-by- 

4 clock, and low-power modes are enabled 


Figure 8. TMS370Cx32 Family Nomenclature 
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device part numbers 


Table 16 lists all the ’x32 devices available. The device part number nomenclature is designed to assist ordering. 
Upon ordering, the customer must specify not only the device part number, but also the clock and watchdog 
timer options desired. Each device can have only one of the three possible watchdog timer options and one of 
the two clock options. The options to be specified pertain solely to orders involving ROM devices. 


Table 16. Device Part Numbers 


DEVICE PART NUMBERS 
FOR 44 PINS (LCC) 


TMS370C032AFNA 
TMS370C032AFNL 
TMS370C032AFNT 


TMS370C332AFNA 
TMS370C332AFNL 
TMS370C332AFNT 


TMS370C732AFNT 
SE370C732AFZTt 


t System evaluators are for use in prototype environment, and their 
reliability has not been characterized. 
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new code release form 


Figure 9 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using T! standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: e 

No: (Std. spec to be followed) 
*If Yes: Customer must provide print” to TI w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


Tl Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
[] Supply Voltage MIN: : Non 'A’ version ROM devices of the TMS370 microcontrollers will have the 


. ae remain “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
SRR TENE ASN SON) options. See the 7MS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNS014B). 


TEMPERATURE RANGE PACKAGE TYPE 
nt: 0° to 70°C (standard) [] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[] A: —40° to 85°C [] “FN” 28-pin PLCC {] “FN” 68-pin PLCC 
td —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization 1] YES [] NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
Tl spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this TI custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: a 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 9. Sample New Code Release Form 
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Table 17 is a collection of all the peripheral file frames used in the ’Cx32 (provided for a quick reference). 
Table 17. Peripheral File Frame Compilation 


System Configuration Registers 


| MEMORY 
_ DISABLE 


17 ‘BUS | cpu 1 | PRIVILEGE ~ 
STANDBY STEST | Ss IMI DISABLE 


INT2 INT2 INT2 INT2 
DATA DIR DATA OUT | POLARITY PRIORITY 
INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY PRIORITY ENABLE 
ey | —- | —- | - | — | # | wo 
Reserved 


Reserved 


DEECTL 


Digital Port Control Registers 
APORT1 
Port A Control Register 2 (must be 0) APORT2 
Port A Data ADATA 
Port A Direction ADIR 


Reserved 


Port D Control Register 1 DPORTI 
(must be 0) 
Port D Control Register 2 Port D Control Register 2 


(must be 0)tT (must be 0)tT 
Port D Data DDATA 


CMD/DEF 
AREA ENA 


CMD/DEF CMD/DEF CMD/DEF CMD/DEF 
AREA AREA AREA AREA 
START BIT | START BIT | START BIT | START BIT 
5 4 3 2 


CMD/DEF 
AREA 
INT ENA 


CDSTART 


T To configure D3 as SYSCLK, set port D register 2 = 08h. 


vi TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 7-33 


TMS370Cx32 
8-BIT MICROCONTROLLER 


SPNS015B — FEBRUARY 1990 — REVISED MARCH 1996 


Table 17. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


PACT Module Register Memory Map 


CM)D/DEF CMD/DEF CMD/DEF CMD/DEF 
AREA AREA AREA AREA END CDEND 
END BIT5 | ENDBIT4 | ENDBIT3 
BUFFER BUFFER BUFFER BUFFER BUFFER 
POINTER POINTER POINTER POINTER POINTER BUFPTR 
BIT 4 BIT 3 BIT 2 BIT 1 


Reserved 


PACT SCI 
RX INT 
ENA 


PF 


CMD/DEF 
AREA 
END BIT 6 


PACT SCi SW 
RESET 


PACT SCI 
TX INT ENA 


SCICTLP 


PACT OP8 | PACT OP7 | PACT OP6 | PACT OPS | PACT OP4 | PACT OPS3 | PACT OP2 PACT OP1 PSTATE 
STATE STATE STATE STATE STATE STATE STATE STATE 

CMD/DEF CMD/DEF CM)D/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF | CMD/DEF INT 

INT 7 FLAG | INT6 FLAG | INT5 FLAG | INT 4 FLAG | INT3FLAG | INT 2FLAG | INT 1 FLAG 0 FLAG 


CP2 INT CP2 INT CP2 CAPT | CP2 CAPT CP1 INT CP1 INT CP1 CAPT CP1 CAPT 
ENA FLAG RISING FALLING ENA FLAG RISING FALLING 
EDGE EDGE EDGE EDGE 


CDFLAGS 


CPCTL1 


CP4 CAPT | CP4 CAPT CP3CAPT | CP3 CAPT 
Po4B pla py RISING | FALLING pa spa iihg RISING FALLING | CPCTL2 
EDGE EDGE EDGE EDGE 


CP5 CAPT CP5 CAPT 
RISING FALLING CPCTL3 
EDGE EDGE 


CP5 INT CP5 INT 
ENA FLAG 


P04C 


CP6 INT CP6 INT CP€ CAPT | CP6 CAPT 
ENA FLAG RISING FALLING 
EDGE EDGE 


Spl ee RE Pcs cd A pei bites CiFe ore EVENT | OP/SET/CLR 
PO4D | HALF/FULL | HALF/FULL | Conn e | ppcesae | preecare | EVENT | counter | OCS T'R | cpprE 
INTENA | INT FLAG ONLY | SWRESET 


SELECT3 | SELECT2 | SELECT 1 


PO4E WATCHDOG RESET KEY WDRST 
nae ae PACT PACT PACT PACT WD 
PO4F | ceear | suspenp | GROUP1 | GROUP2 | GROUPS PRESCALE | PRESCALE | PACTPRI 
PRIORITY | PRIORITY | PRIORITY SELECT1 | SELECTO 


P070 ADCTL 


CONVERT SAMPLE REF VOLT | REF VOLT | REFVOLT | ADINPUT | ADINPUT | AD INPUT SE- 
START START SELECT2 SELECT 1 SELECTO SELECT2 SELECT1 LECTO 
AD INT 


A/D Conversion Data Register ADDATA 


PO71 


P072 


P073 
to 
PO7C 


P07D 
PO7E 


Reserved 


ADIN 
ADENA 


Port E Data Input Register 
Port E Input Enable Register 


AD 


PO7F ADPRI 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUPPIY VONAOS (TANGO. Vier 7 (B00 MONG) ois sas See rec eed pear eo as Va anne been bee" Te —-0.6Vto7V 
MADUk Werae TanOS ely Fills OMCRIN Siitiy hs Sls eles a vas a dns 5 oo a SRR Aiea ee ee —0.6Vto7V 

Me aa Gee Plast ahg th vle-n: 219-0 fy Swe op aD, © Absa haveen Re Ge -0.6V to 14V 
pot Caner Cue tae ae C Ol betes ts ieee cy chars ach eh ag coke ab che aa ne he oa +20 mA 
CUSUR Char Cenrent ies er Ol rr Witt: oases ck ke ane gle won PHRUGIOEUNA DVS +20 mA 
Continuous output current per buffer, lo (Vo = 0 to Voc) (See Note 4) ....... 0... eee eee, +10 mA 
oh ee ER Ee SAI Be imei bist: 2D ent 8.8 AE RR SO 5 Ea re giro Peni tno ep Aes 170 mA 
RR Sr re ee PG eee Das a wile ice eM kg +A ak vn, v pole MRE — 170 mA 
Rae NN SAUCES EMOEY. = SY ccyh ak oe Bcc. x Gis bya. boncbed 4 SRR <b 4 Agi: tax Hak MNOS mame 800 mW 
Operating free-air temperature, Ta: Lversion .......... 00. cece cece eee teen eens 0°C to 70°C 

PRIME SG kw mse wn md win Siw Sve wn oon n Kee Pista NO —40°C to 85°C 

EERE ee liek Wace 25 ak eae no ASN Cee eee —40°C to 105°C 
Storage temperature range, Tstg --- 2. eee eee eect nent eee renee ete naetenees —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 3. Unless otherwise noted, all voltage values are with respect to Vss1. 

4. Electrical characteristics are specified with all output buffers loaded with specified Ig current. Exceeding the specified Io current in 
any buffer can affect the levels on other buffers. 


recommended operating conditions 


~ 
on 


Supply voltage (see Note 3) 

RAM data retention supply voltage (see Note 5) 
Vcoc3 Analog supply voltage (see Note 3) 
Vss3 Analog supply ground 


All pins except MC 
VIL Low-level input voltage 
MC, normal operation 


All pins except MC, XTAL2/CLKIN, and 
RESET 


VIH High-level input voltage XTAL2/CLKIN 
RESET 


Vac MC (mode control) voltage 
TA Operating free-air temperature — 40 
- 40 


NOTES: 3. Unless otherwise noted, all voltage values are with respect to Vssj. 


5. RESET must be externally activated when Vcc i or SYSCLK is not within the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS 
VOL Low-level output voltage lol = 1.4 mA eee 2 a BE 


MC 


1/O pins OV<sVis Voc1 
lIOL Low-level output current VoL = 0.4 V 


VOH = 0.9 V 
IOH High-level output current = wet 
VOH = 2.4 V 
See Notes 6 and 7 
SYSCLK = 5 MHz 
Supply current (operating mode) See Notes 6 and 7 
OSC POWER bit = 0 SYSCLK = 3 MHz 
See Notes 6 and 7 
SYSCLK = 0.5 MHz 
See Notes 6 and 7 
SYSCLK = 5 MHz 
Supply current (STANDBY mode) See Notes 6 and 7 
OSC POWER bit = 0 SYSCLK = 3 MHz 
See Notes 6 and 7 
SYSCLK = 0.5 MHz 
See Notes 6 and 7 
Supply current (STANDBY mode) SYSCLK = 3 MHz 
OSC POWER bit = 1 See Notes 6 and 7 
SYSCLK = 0.5 MHz 
See Note 6 
Supply current (HALT mode) ee 0.2V 


T Input current Ipp will be a maximum of 50 mA only when programming EPROM. 
NOTES: 6. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or => Voc — 0.2V. 
7. XTAL2/CLKIN is driven with an external square-wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
~ can be higher with a crystal oscillator. At5-MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 


Input current 
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XTAL2/CLKIN XTAL2/CLKIN 


i 


C1 aM Crystal/Ceramic fis C2 


C3 
sh (see Note A) 


(see Note A) Resonator 1. (see Note A) External 
. (see Note B) ‘ Clock Signal 
NOTES: A. The values of C1 and C2 are typically 15 pF and C3 value is typically 50 pF. See the manufacturer’s recommendations for ceramic 
resonators. 


B. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


Figure 10. Recommended Crystal/Clock Connections 


Load Voltage 
1.2 kQ 


Vo 
20 pF 


a 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 11. Typical Output Load Circuit (See Note A) 


Vcc 


Pin Data 


Output 
Enable 


Figure 12. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AR Array PGM Program 
B Byte SC SYSCLK 
Cl XTAL2/CLKIN 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) Su setup time 

d delay time V valid time 

f fall time Ww pulse duration (width) 
r rise time 


The following additional letters are used with these meanings: 


H High 
L Low 
V Valid 


All timings are measured between high and low measurement points as indicated in Figure 13 and Figure 14. 


ee ee 
ba a a ea —-= 0.8 V (Low) ———— — — 0.8 V (Low) 


Figure 13. XTAL2/CLKIN Measurement Points Figure 14. General Measurement Points 


7-38 
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external clocking requirements for clock divided by 4 (see Note 8 and Figure 15) 


tT SYSCLK = CLKIN/4 
NOTES: 8. For Vi, and Vip, refer to recommended operating conditions. 
9. This pulse may be either a high pulse, as illustrated below, which extends from the earliest valid high to the final valid high in an 
XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<1 


+ «2 


pes 
a 


\+—_> 4 


SYSCLK / ee 


Figure 15. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL) (see Note 8 and Figure 16) 


<o . S 
tw(Cl Pulse duration, XTAL2/CLKIN (see Note 9) ee eee ES 
tC Rise time, XTAL2/CLKIN ea ee 
Ps [uch Pears MCU TT MRE TE Ta 
T+ [taccutscry Delay tine, XTALZICLKIN rset SYSCLKrse SSS Yn 
A Re ean Ee es er. ee 
ase 


SYSCLK Internal system clock operating frequencyt 


T SYSCLK = CLKIN/1 
NOTES: 8. For Vi, and Vjp, refer to recommended operating conditions. 
9. This pulse can be either a high pulse, as illustrated below, which extends from the earliest valid high to the final valid high in an 
XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


sites 
reaLstbin Jp fo 
| | | 
> 2 aes A 4 


Figure 16. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 10 and Figure 17) 


PARAMETER 


Divide-by-4 200 2000 
te Cycle time, SYSCLK (system clock) < 
Divide-by-1 200 500 


tw(SCL Pulse duration, SYSCLK low 0.5 te-20 0.5 te 
tw(SCH Pulse duration, SYSCLK high O5t,  0.5t¢ +20 


NOTE 10: tg = system clock cycle time = 1/SYSCLK 


eae 


Figure 17. SYSCLK Timing 


general purpose output signal switching time requirements (see Figure 18) 


fo ee eee 
oman. Se ee 
ae ee 


a coe ee 

| 

| ke t | 
>| tf 


Figure 18. Signal Switching Timing 


recommended EEPROM timing requirements for programming 
tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) 
tw(PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) eo 


recommended EPROM operating conditions for programming 


Voc Supply voltage 4.75 5.5 6 
Vpp Supply voltage at MC pin 13 482 13.5 
Ipp Supply current at MC pin during programming (Vpp = 13 V) 30 50 


SYSCLK System clock — MHz 
Divide-by-1 


recommended EPROM timing requirements for programming 


Be Oe ee, ee ee ree ei ae rrr rr ai 
tw(EPGM Pulse duration, programming signal (see Note 11) 0.40 0.50 3 ee | 


NOTE 11: Programming pulse is active when both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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ADC1 converter 


The ADC1 converter has a separate power bus for its analog circuitry. These pins are referred to as Voc3 and 
Vssg-. The purpose is to enhance ADC1 performance by preventing digital switching noise of the logic circuitry 
that can be present on Vssj and Voc; from coupling into the ADC1 analog stage. All ADC1 specifications are 
given with respect to Vss3 unless otherwise noted. 


PENI cosh kin eae ao ES RE OUR Y chs ONtie cA Lewes Gk Ne MUL A OER AS EES 8-bits (256 values) 
RMI a aa seek ERE Sai Khe FS FONT REL ED een hips PEA SSG AEE CRORE Bare Ae ae ee Yes 
UTD COR VOPSION IOS iS eas ke ka cee eve pens see 00h to FFh (00 for V; < Vssg <; FF for Vj < Vres) 
COPIETBIOR HIVIO TOKEMIGING SAINIOID TINO) ioc oid von y ais ee oan Soe cae vi snares ease ete se kas ws 164 t, 


recommended operating conditions 


ee 
BE Bes a 
| a] Vv 


V Analog supply voltage V 
CC3 g supply g Veo3-0.3 Voo3+0.3 
Vss3 Analog ground Vss3-0.3 Vss3t0.3 V 
Vref | Non-Vocg referencet 25 Vcoc3 Vcc3+0.1 
Analog input for conversion Vss3 Vref 


T Vref must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time. 


operating characteristics over recommended ranges operating conditions 


PARAMETER on oe 

Absolute accuracyt Voc3 =5.5V Vref = 5.1 V ; 
Differential/integral linearity errortt Voc3 =5.5V Vref = 5.1 V 9] LS 
m 
m 


: 

: 

oa aes I 

lcc3 Analog supply current : | mA 
Beene 8 


I Input current, ANO—AN7 OV<sV\)<s5.5V 

ret__Input charge current Co ee ee ee tT ma 
SYSCLK < 3 MHz 

Zref | Source impedance of Vref pk 
3 MHz < SYSCLK < 5 MHz 


T Absolute resolution = 20 mV. At Vref = 5 V, this is one LSB. As Vre¢ decreases, LSB size decreases; therefore, the absolute accuracy and 
differential/integral linearity errors in terms of LSBs increase. 
+ Excluding quantization error of 1/2 LSB 
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ADC1 converter (continued) 


The ADC1 module allows complete freedom in design of the sources for the analog inputs. The period of the 
sample time is user-defined so that the high-impedance can be accommodated without penalty to the 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC1 control register 
(ADCTL.6) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START, 
ADCTL.7) is set to 1. After a hold time, the converter will reset the SAMPLE START and CONVERT START bits, 
signaling that a conversion has started and that the analog signal can be removed. 


analog timing requirements (see Figure 19) 


tsu(S Setup time, analog to sample command ip eee ies ae Seen 
th(AN Hold time, analog input from start of conversion as eS 
twiS Pulse duration, sample time per kilo-Q of source impedancet 


T The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum sampling time of 1s. 


k¢—————— Analog Stable —————_» 


| | 
Analog In WY *CUeererrerrnrennnneen 
| 


tt 


Sample Start | | 


7 a aa ae 
k¢— tw(s) tae | 


Convert Start | | 


Figure 19. Analog Timing 


Table 18 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the cdlevice part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 18. TMS370Cx32 Family Package Type and Mechanical Cross-Reference 


PE : 
fides eae TMS370 GENERIC NAME Riedl Sas ee DEVICE PART NUMBERS 


TMS370C032AFNA 
TMS370C032AFNL 
TMS370C032AFNT 
TMS370C332AFNA 
TMS370C332AFNL 
TMS370C332AFNT 
TMS370C732AFNT 


FZ — 44 pin CERAMIC LEADED CHIP CARRIER — | FZ(S-CQCC-J**) J-LEADED CERAMIC 
(50-mil pin spacing) _| (CLCC) CHIP CARRIER SE370C732AFZT 


FN — 44 pin PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED 
(50-mil pin spacing) | (PLCC) CHIP CARRIER 
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@® CMOS/EEPROM/EPROM Technologies on FZ AND FN PACKAGES 
a Single Device (TOP VIEW) 
— Mask-ROM Devices for High-Volume g 
Production 3 
— One-Time-Programmable (OTP) EPROM ee 52 4 8 
Devices for Low-Volume Production S59 SS SEE SS 9 
— Reprogrammable-EPROM Devices for Tatas 
Prototyping Purposes ANS {]7 39 [} AS 
® Internal System Memory Configurations AN4 }J8 Lj A4 
~ On-Chip Program Memory Versions pe 19 37 AS 
J10 36 || A2 
— ROM: 16K Bytes AN7 fh14 3511 At 
—- EPROM: 16K Bytes D6/CP6 []12 34[] AO 
— Data EEPROM: 256 Bytes D7/CP5 []13 33] MC 
— Static RAM: 256 Bytes Usable as D4/CP4 1}14 32[] RESET 
nie Rove Heo 
— Standby RAM With Separate Power ae 
Supply Pin: 256 Bytes OP2/CP2 Mg 19 20 29 L] SPISIMO 
@ Flexible Operating Features nee 
— Low-Power Modes: STANDBY and HALT >& = O00000 £2 
— Commercial, Industrial, and Automotive an” 
Temperature Ranges 
— Clock Options 
— Divide-by-1 (2 MHz—5 MHz SYSCLK) 
Phase-Locked Loop (PLL) @ Serial Peripheral interface (SPI) 
— Divide-by-4 (0.5 MHz—5 MHz SYSCLK) — Variable-Length High-Speed Shift 
— Supply Voltage (Vcc) 5 V +10% Register 
® Programmable Acquisition and Control - Synchronous Master/Slave Operation 
Timer (PACT) Module @® Eight Channel 8-Bit Analog-to-Digital 
— Input Capture on up to Six Pins, Four of Converter 1 (ADC1) 
Which Can Have a Programmable @ 1MS370 Series Compatibility 
Prescaler — Register-to-Register Architecture 
— One Input Capture Pin Can Drive an 8-Bit — 256 General-Purpose Registers 
Event Counter — 14 Powerful Addressing Modes 
- Up to Eight Timer-Driven Outputs — Instructions Upwardly Compatible With 
— Interaction Between Event Counter and All TMS370 Devices 
Timer: Activity @ CMOS/TTL Compatible I/O Pins/Packages 


— 18 Independent Interrupt Vectors 


— All Peripheral F ion Pi 
— Watchdog With Selectable Time-Out eripheral Function Pins Software 


Configurable for Digital 1/O 


Period Ri - 16 Bidirectional Pins, Nine Input Pins 
= Asynchronous ee ere — 44-Pin Plastic and Ceramic Leaded Chip 
Communication Interface (Mini SCI) Carrier (LCC) Packages 
@ Flexible Interrupt Handling ® Workstation/PC-Based Development 
— Two Software-Programmable Interrupt System 
Levels 


— C Compiler and C Source Debugger 
— Real-Time In-Circuit Emulation 

— Multi-Window User Interface 

— Microcontroller Programmer 


Global- and Individual-interrupt Masking 
Programmable Rising- or Falling-Edge 
Detect 

individual-interrupt Vectors 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 
Products 


ucts conform to specifications per the terms of Texas Instruments 


— oreo ag processing does not necessarily include wis TEXAS 
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Pin Descriptions 


Port A is a general-purpose bidirectional I/O port. 


Port D is a general-purpose bidirectional port. Also configurable as SYSCLK (see Note 1) 
D4/CP4 PACT input capture 4 (see Note 2) 
D5/CP1 PACT input capture 1 (see Note 2) 
D6/CP6 PACT input capture 6 (see Note 2) 
D7/CP5 PACT input capture 5 (see Note 2) 


ADC1 analog input pins (ANO—AN7)/port E digital input pins (EOQ—E7) 


Port E can be programmed individually as a general-purpose digital input pin if it is not used as ADC1 analog 
input or positive reference input. 


External interrupt (non-maskable or maskable)/general-purpose input pin 


OP1/CP3 PACT PWM output 1/input capture 3 (see Note 3) 
OP2/CP2 PACT output pin 2/input capture 2 (see Note 3) 
OP3 PACT PWM output 3 

OP4 PACT PWM output 4 

OP5 PACT PWM output 5 

OP6 PACT PWM output 6 

OP7 PACT PWM output 7 

OP8 PACT PWM output 8 


SPISOMI SPI slave output pin, master input pin/ general-purpose bidirectional pin 
SPISIMO i SPI slave input pin, master output pin/ general-purpose bidirectional pin 
SPICLK 31 SPI bidirectional serial clock pin/ general-purpose bidirectional pin 


RESET 30 1/0 Systern reset bidirectional pin; as input pin, RESET initializes the microcontroller; as open-drain output, 
RESET indicates that an internal failure was detected by watchdog or oscillator fault circuit. 
Tees CE PS Mode control input pin; enables EEPROM write protection override (WPO) mode, also EPROM Vpp 


XTAL2/CLKIN 43 Internal oscillator crystal input/External clock source input 
XTAL1 44 Internal oscillator output for crystal 
1 


Positive supply voltage for digital logic and digital I/O pins 

Ground reference for digital logic and digital I/O pins 

ADC‘1 positive supply voltage and optional positive reference input 
ADC1 ground supply and low reference input pin 

Positive supply voltage pin for standby RAM 


T | = input, O = output 
NOTES: 1. D3 can be configured as SYSCLK by appropriately programming the DPORT1 and DPORT2 registers. 

2. These digital I/O buffers are corinected internally to some of the PACT module’s input capture pins. This allows the microcontroller 
to read the level on the input capture pin, or if the port D pin is configured as an output, to generate a capture. Be careful to leave 
the port D pin configured as an input if the corresponding input capture pin is being driven by external circuitry. 

3. CP2andCP3 are connected internally to OP2 and OP 1. CP2 and CP3 can be used only to capture OP2 and OP1, respectively and 
not as external capture inputs. 
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E0-E7 
XTAL2/ = 
INT1 XTAL1 CLKIN MC RESET ANO-AN7 
PS SSS eee Sea Sane 
Clock Options: . Vcc3 
Divide-By-4 or — r - A-to-D 
Divide-By-1 (PLL) — . onverter 1 V3 
= Serial : SPISOMI 
Peripheral SPISIMO 
Standby RAM Interface SPICLK: 
Register File 
256 Bytes 256 Bytes 
Program Memory Data EEPROM ; CP1 
ROM: 16K Bytes 256 Bytes 
EPROM: 16K Bytes CP6 
at 2 
128 BYTES | OP8 
A > SCITXD 
SCIRXD 


Watchdog 


pre Vcc 


Vssi 


The TMS370C036, TMS370C736, and SE370C736 devices are members of the TMS370 family of single-chip 
8-bit microcontrollers. Unless otherwise noted, the term TMS370Cx36 refers to these devices. The TMS370 
family provides cost-effective real-time system control through advanced peripheral-function modules and 
various on-chip memory configurations. 


The TMS370Cx36 family of devices uses high-performance silicon-gate CMOS EPROM and EEPROM 
technologies. Low operating power, wide operating temperature range, and noise immunity of CMOS 
technology coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370Cx36 devices attractive for system designs for automotive electronics, industrial motors, computer 
peripheral controls, telecommunications, and consumer applications. 


All TMS370Cx36 devices contain the following on-chip peripheral modules: 


@® Programmable acquisition and control timer (PACT) 


Asynchronous mini SCI 
PACT watchdog timer 
® Serial peripheral interface (SPI) 


® Ejight channel, 8-bit analog-to-digital converter 1 (ADC1) 
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description (continued) 


Table 1 provides a memory corifiguration overview of the TMS370Cx36 devices. 


Table 1. Memory Configurations 


PROGRAM MEMORY DATA MEMORY 
DEVICE (BYTES) (BYTES) 44 PIN PACKAGES 
ROM EPROM RAM EEPROM 


Toe aes Ec TY Re FN= PLCC 
TMS370C736A Pie eee mse FN - PLCC 
SE370C736AT RS RE FZ-CLCC 


t System evaluators and development are for use only in prototype environment, and their reliability has not been characterized. 


The suffix letter A appended to the device names in Table 1 indicates the configuration of the devices. ROM 
or EPROM devices have different configurations as indicated in Table 2. ROM devices with the suffix letter A 
are configured through a programmable contact during manufacture. 


Table 2. Suffix Letter Configuration 


DEVICET CLOCK LOW-POWER MODE 
EPROM A Divide-by-4 (Standard oscillator) Enabled 
ROM A Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


T Refer to the “device numbering conventions” section for device nomenclature and to the “device part numbers” section for ordering. 


The 16K bytes of mask-programmable ROM in the associated TMS370Cx36 devices are replaced in the 
TMS370C736 with 16K bytes of EPROM. All other available memory and on-chip peripherals are identical. The 
OTP (TMS370C736) and reprogrammable (SE370C736) devices are available. 


The TMS370C736 OTP device is available in a plastic package. This microcontroller is effective to use for 
immediate production updates for other members of the TMS370Cx36 family or for low-volume production runs 
when the mask charge or cycle time for the low-cost mask ROM devices is not practical. 


The SE370C736 has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development/prototyping phase of design. The SE370C736 device allows quick updates to 
breadboards and prototype systems while iterating initial designs. 


The TMS370Cx36 family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator, the PACT counter, and PACT’s first command/definition entry 
remain active. This allows the PACT module to bring the device out of STANDBY mode. In the HALT mode, all 
device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370Cx36 features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx36 family is fully 
instruction-set-compatible, providing easy transition between members of the family. 


The TMS370Cx36 has a PACT rnodule that acts as a timer coprocessor by gathering timing information on input 
signals and controlling output signals with little or no intervention by the CPU. The coprocessor nature of this 
module allows for levels of flexibility and power not found in traditional microcontroller timers. 
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description (continued) 


The TMS370Cx36 family provides the system designer with an economical, efficient solution to real-time control 
applications. The PACT compact development tool (CDT™) meets the challenge of efficiently developing the 
software and hardware required to design the TMS370Cx36 into an ever-increasing number of complex 
applications. The application source code can be written in assembly and C language, and the output code can 
be generated by the linker. Precise real-time in-circuit emulation and extensive symbolic debug and analysis 
tools ensure efficient software and hardware implementation as well as a reduced time-to-market cycle. 


The TMS370Cx36 family together with the TMS370 PACT CDT370, BP programmer, software tools, 
SE370C736 reprogrammable devices, comprehensive product documentation, and customer support provides 
a complete solution to the needs of the system designer. 


central processing unit (CPU) 


C 


The CPU on the TMS370Cx36 device is the high-performance 8-bit TMS370 CPU module. The ’x36 implements 
an efficient register-to-register architecture that eliminates the conventional accumulator bottleneck. The 
complete ’x36 instruction map is shown in Table 16. 


The ’370Cx36 CPU architecture provides the following components: 
CPU registers: 


@ Astack pointer (SP) that points to the last entry in the memory stack 

@® Astatus register (ST) that monitors the operation of the instructions and contains the global interrupt-enable 
bits 

@ A program counter (PC) that points to the memory location of the next instruction to be executed 


A memory map that includes: 


@ 256-byte general-purpose RAM that can be used for data memory storage, program instructions, general 
purpose register, or the stack 


@ 256-byte general-purpose standby RAM, which is powered through a separate VccsTpy pin to protect the 
memory against power failures on the main Voc pins 


@® 128-byte dual-port RAM that contains the capture registers, the circular buffer, and a command/definition 
area 

@ Aperipheral file that provides access to all internal peripheral modules, system-wide control functions, and 
EEPROM/EPROM programming control 

@ 256-byte EEPROM module, that provides in-circuit programmability and data retention in power-off 
conditions 

@ 16K-byte ROM or 16K-byte EPROM 


DT is a trademark of Texas Instruments Incorporated. 
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central processing unit (CPU) (continued) 


Figure 1 Illustrates the CPU registers and memory blocks. 


15 a: Counter 0 


7 Stack Pointer (SP) 0 Legend: 
N=Negative 
Status Register (ST Z=Zero 
pe [N | z [vy fie2| ies] — |—| V=Overflow 
7.23 Se we Se es 0 IE2=Level 2 interrupts Enable 


1E1=Level 1 interrupts Enable 
RAM (Includes up to 256-Byte Registers File) 


Peripheral File 


007Fh 256-Byte Data EEPROM 


- 16K-Byte ROM/EPROM 
Interrupts and Reset Vectors; 
Trap Vectors 


Figure 1. Programmer’s Model 


OOFFh 


T Reserved means the address space is reserved for future expansion. 


stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. Typically, the stack 
is used to store the return address on subroutine calls as well as the ST contents during interrupt sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 
onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 
on-chip RAM. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits. 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional-jump instructions) use the status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 
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central processing unit (CPU) (continued) 


The ST, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Registers 


- 6 5 4 3 2 1 0 
Reoiuenis Neos Wuenaras [of ov. [a Jee] ei | ile ee 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = read, W = write, 0 = value after reset 
program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most significant byte (MSbyte) and least significant byte (LSbyte) of a 16-bit address. 


During reset, the contents of the reset vector (7FFEh, 7FFFh) are loaded into the PC. The PCH (MSbyte of the 
PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is loaded with the 
contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 4000h as the 
contents of the reset vector. 


Program Counter (PC) 
Memory PCH PCL 


ee PE, EeT tease 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx36 architecture is based on the Von Neuman architecture, where the program memory and data 
memory share acommon address space. All peripheral input/output is memory mapped in this same common 
address space. As shown in Figure 3, the TMS370Cx36 provides memory-mapped RAM, ROM, EPROM, data 
EEPROM, I/O pins, peripheral functions, and system-interrupt vectors. 


The peripheral file contains all 1/O port control, peripheral status and control, EEPROM, EPROM, and 
system-wide control functions. The peripheral file is located between 1000h to 107Fh and is divided logically 
into eight peripheral file frames of 16 bytes each. The eight PF frames consist of five control frames and three 
reserved frames.Each on-chip peripheral is assigned to a separate frame through which peripheral control and 
data information are passed. 
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central processing unit (CPU) (continued) 


Peripheral File Control Registers 


Reservedt 1000h—100Fh 
System Control 1010h-—101Fh 
Digital Port Control 1020h—102Fh 
SPI Peripheral Control 1030h-—103Fh 
PACT Peripheral Control 1040h-—104Fh 
| Reservedt 1050h—105Fh 
Reservedt 1060h-106Fh 
ADC1 Peripheral Control 1070h-—107Fh 
Vectors 


PACT Interrupt 1-18 7F9Ch-—7FBFh 
Trap 15-0 7FCOh-—7FDFh 
Reservedt 7FEO0h-7FEBh 

7FECh-7FEDh 

Reservedt 7FEEh-7FF5h 
Serial Peripheral Interface 7FF6h—7FF7h 


1EFFh 


1FOOh 256-Byte Data EEPROM 
1FFFh 
2000h Reservedt 
3FFFh 

16K-Byte ROM/EPROM 


7F9Ch Interrupts and Reset Vectors; 
7FFFh Trap and PACT Vectors 
8000h 

Reservedt 
FFFFh 


t Reserved means that the address space is reserved for future expansion. 


Figure 3. TMS370Cx36 Memory Map 


Reservedt 7FF8h-7FFBh 
7FFCh-7FFDh 
Reset 7FFEh-7FFFh 


RAM/register file (RF) 


Locations within the RAM address space can serve as the RF, general-purpose read/write memory, program 
memory, or the stack instructions. The TMS370Cx36 devices contain 256 bytes of internal RAM, 
memory-mapped beginning at location 0000h (RO) and continuing through location OOFFh (R255) which is 
shown in Figure 1. 


The first two registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 


dual-port RAM 


The upper 128 bytes of the register files can be used by the PACT module to contain commands and definitions 
as well as timer values. Any RAM not used by PACT can be used as an additional CPU register or as 
general-purpose memory. 
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standby RAM module 


The 256 byte standby RAM is general-purpose and powered through a separate VccstTpy pin. The data stored 
in this memory is protected against power failures on the main Voc; pins. 


The standby RAM data is saved if the power failure on the main Voc pins is detected externally and an external 
reset is generated when Vcc; falls below 4.3 V (see Figure 4). The external reset must remain low during the 
entire power failures. The falling edge of the reset signal is internally detected to set the standby RAM in 
low-power HALT mode. After the next power up, the RESET pin must be pulled high to get out of the HALT mode 
of the standby RAM. In halt mode, the standby RAM consumes only leakage current. 


4.3 Volt 


| | 
| | 
(4 Standby RAM Locked in Halt Mode ——-> 


Figure 4. Standby RAM Locked in Halt Mode 


peripheral file (PF) 


1070h—107Fh PO70—P07F Analog-to-digital converter 1 registers 
1080h—10FFh P080—POFF 


The TMS370Cx36 control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decimal designator. For example, the system-control register 0 (SCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal designator is P16. Table 4 
lists the TMS370Cx36 PF address map. 


Table 4. TMS370Cx36 Peripheral File Address Map 


PERIPHERAL FILE 
DESIGNATOR DESCRIPTION 
ocala rl P00) DOF 


1010h-—101Fh PO010—PO1F System and EPROM/EEPROM control registers 
1020h—102Fh P020—P02F Digital 1/O port control registers 


1030h-—103Fh PO30—PO3F SPI registers 
1040h—104Fh P040-—PO04F PACT registers 


a TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 8-11 


TMS370Cx36 
8-BIT MICROCONTROLLER 


SPNS039A — JANUARY 1996 — REVISED MARCI 1996 


data EEPROM 


The TMS370Cx36 devices, containing 256 bytes of data EEPROM, have a memory mapped beginning at 
location 1F0O0h and continuing through location 1FFFh. Writing to the data EEPROM module is controlled by 
the data EEPROM control register (DEECTL) and the write-protection register (WPR). Programming algorithm 
examples are available in the TMS370 Family User’s Guide (literature number SPNU127) or the 
TMS370 Family Data Manual (literature number SPNSO14B). The data EEPROM features include the following: 


@ Programming: 


Bit-, byte-, and block-write/erase modes. 
Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


Control register: Data EEPROM programming is controlled by the DEECTL located in the PF frame 
beginning at location P01A. See Table 5. 


In-circuit programming capability. There is no need to remove the device to program. 


@® Write protection. Writes to the data EEPROM are disabled during the following conditions. 


Reset. All programming of the data EEPROM module is halted. 
Write protection active. There is one write-protect bit per 32-byte EEPROM block. 


Low-power mode operation 


@ Write protection can be overridden by applying 12 V to MC. 


Table 5. Data EEPROM and PROGRAM EPROM Control Registers Memory Map 


[aponess | svwso. [| SOiMAME 
BOY ES SIG | 


program EPROMt 


The TMS370C736 device contains 16K bytes of EPROM mapped, beginning at location 4000h and continuing 
through location 7FFFh as shown in Figure 3. Reading the program EPROM modules is identical to reading 
other internal memory. During programming, the EPROM is controlled by the EPROM control register 
(EPCTLL). The program EPROM module features include: 


@ Programming 


In-circuit programming capability if Vpp is applied to MC 


Control register: EPROM programming is controlled by the EPROM control register (EPCTLL) located 
in the peripheral file (PF) frame at location PO1C as shown in Table 5. 


@ Write protection: Writes to the program EPROM are disabled under the following conditions: 


Reset: All programming to the EPROM module is halted 
Low-power modes 
13 V not applied to MC 


T Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments (TI™), and addresses 7FECh through 7FFFh are reserved 
for interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP15 instructions, are located between addresses 7FCOh and 


Tl is a trademark of Texas Instruments Incorporated. 
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program ROMT 


The program ROM consists of 16K bytes of mask programmable read-only memory. The program ROM is used 
for permanent storage of data or instructions. Programming of the mask ROM is performed at the time of device 
fabrication. Refer to Figure 3 for ROM memory map. 


system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx36 CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
generated internally, while one (RESET pin) is controlled externally. These actions are as follows: 


@ PACT watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD 
key register, or if the re-initialization does not occur before the watchdog timer timeout . See the TMS370 
User’s Guide (literature number SPNU127) for more information. 


® Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the TMS370 User’s Guide (literature number SPNU127) for more information. 


@ External RESET pin. A low level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 User’s Guide (literature number SPNU127) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x36 device to reset external system components. Additionally, if a cold start (Vcc is off 
for several hundred milliseconds) condition or oscillator failure occurs or the RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator-fault flag (OSC FLT FLAG, SCCRO0.4) and the cold-start flag 
(COLD START, SCCRO.7) to determine the source of the reset. A reset does not clear these flags. Table 6 lists 
the reset sources. If none of the sources indicated in Table 6 caused the reset, then the RESET pin was pulled 
low by the external hardware or the PACT module’s watchdog. 


Table 6. Reset Sources 


REGISTER ADDRESS | PF |_BITNO. CONTROL BIT SOURCE OF RESET 
SCCRO 1010h jo POG. 3:] <7 COLD START Cold (power-up) 
SCCRO OSC FLT FLAG Oscillator out of range 


Once a reset is activated, the following sequence of events occurs: 
: The CPU registers are initialized: ST = 00h, SP = Oth (reset state). 
Registers A and B are initialized to OOh (no other RAM is changed). 
The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


rape oat EM, ln ED 


Program execution begins with an opcode fetch from the address pointed to the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


When an external reset circuit is connected to the RESET pin, the pin must be held low until the clock signal 
is valid and Vcc is within the operating range. Figure 5 shows a typical reset circuit. 


t Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments, and addresses 7FECh through 7FFFh are reserved for 
interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP 15 instructions, are located between addresses 7FCOh and 
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system reset (continued) 


8-14 


Vec To Other Device Resets 


TMS370 


Reset In 
4 Reset Out 


ae a 


Reset 


Figure 5. Typical Reset Circuit 
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interrupts 


The TMS370 family software-programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 6. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global interrupt mask bits (IE1 and IE2) of 
the ST. 


PACT 
GROUP 3 GROUP 2 GROUP 1 


Cmd/Def Entry 7 a 


Default Timer 


| Overflow ae 
Cmd/Def Entry6 | CP1Edge 
Cmd/Def Entry 5 EO ads | CP2 Edge ee 
Cmd/Def Entry 4 eer CP3 Edge a. 
Cmd/Def Entry 3 barre | CP4 Edge pt 
Cmd/Def Entry 2 —— | CP5 Edge eat 
Cmd/Def Entry1 —§ ~-— SCITXINT — | CP6Edge 
Cmd/Def Entry 0 Se ge SCI RXINT eee | Circular Buffer 2 
| 


PACT 2 PRI PACT 1 PRI 


XT INT1 
EXT INT CPU 


Priority 


Logic 


Level 1 INT 
Level 2 INT 


os i os Sees Ses 


Enable 


Figure 6. Interrupt Control 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is selectively configured on either the high- or 
low-priority-interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
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interrupts (continued) 


chains is performed within the peripheral modules to support interrupt expansion for future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370Cx36 has 21 hardware system interrupts (plus RESET) as shown in Table 7. Each system interrupt 
has a dedicated vector located in program memory through which control is passed to the interrupt service 
routines. A system interrupt may have multiple interrupt sources. All of the interrupt sources are individually 
maskable by local interrupt enable control bits in the associated peripheral file. Each interrupt source FLAG bit 
is individually readable for software polling or for determining which interrupt source generated the associated 
system interrupt. 


Twenty of the system interrupts are generated by on-chip peripheral functions, and one external interrupt is 
supported. Software configuration of the external interrupts is performed through the INT1 control register in 
peripheral file frame 1. Each external interrupt is individually software configurable for input polarity (rising or 
falling edge) for ease of system interface. External interrupt INT1 is software configurable as either a maskable 
or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked by the individual- 
or global-enable mask bits. The INT1 NMI bit is protected during non-privileged operation and, therefore, should 
be configured during the initialization sequence following reset. To maximize pin flexibility, external interrupt 
INT1 can be software configured as a general-purpose input pin if the interrupt function is not required. 
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interrupts (continued) 


Table 7. Hardware System Interrupts 


PRIORITY 


INTERRUPT INTERRUPT 
SOURCE FLAG 


External RESET COLD START 
Watchdog Overflow (No Flag) RESETt 7FFEh, 7FFFh 
Oscillator Fault OSC FLT FLAG 


INT1 External Interrupt 1 INT1 FLAG INT14 7FFCh, 7FFDh 
ISP! Ss SPI RX/TX Complete SPI INT FLAG SPIINT | 7FF6h, 7FF7h 


i Buffer Half/Full 
PACT Circular Buffer Interrupt Flag BUFINT 7FBOh, 7FBih 
PACT CP6 Event CP6 INT FLAG CP6INT 7FB2h, 7FB3h 
PACT CP5 Event CP5 INT FLAG CP5INT 7FB4h, 7FB5h 
4 


SYSTEM VECTOR 
INTERRUPT ADDRESS 


MODULE 
PRIORITYt 


OSC FLT FLG 


PACT CP4 Event CP4 INT FLAG CP4INT 7FB6h, 7FB7h 
PACT (Group 1) 

PACT CP3 Event CP3 INT FLAG CP3INT 7FB8h, 7FB9h 

PACT CP2 Event CP2 INT FLAG CP2INT 7FBAh, 7FBBh 

PACT CP1 Event CP1 INT FLAG CP1INT 7FBCh, 7FBDh 


Default Timer DEFTIM OVREL INT POVRL 


PACT SCI Rx Int PACT RX RDY PRXINT 7F9Eh, 7F9Fh 
PACT (Group 2) 
PACT SCI Tx Int PACT TX RDY PTXINT 7F9Ch, 7F9Dh 
PACT Cmd/Def Entry 0 CMD/DEF INT 0 FLAG CDINT 0 7FAOh, 7FAth 
PACT Cmd/Def Entry 1 CMD/DEF INT 1 FLAG CDINT 1 7FA2h, 7FASh 
PACT Cmd/Def Entry 2 CMD/DEF INT 2 FLAG CDINT 2 7FA4h, 7FA5h 
PACT Cmd/Def Entry 3 CMD/DEF INT 3 FLAG CDINT 3 7FA6h, 7FA7h 
PACT (Group 3) 
PACT Cmd/Def Entry 4 CMD/DEF INT 4 FLAG CDINT 4 7FA8h, 7FAQh 
PACT Cmd/Def Entry 5 CMD/DEF INT 5 FLAG CDINT 5 7FAAh, 7FABh 
PACT Cmd/Def Entry 6 CMD/DEF INT 6 FLAG CDINT 6 7FACh, 7FADh 
PACT Cmd/Def Entry 7 CMD/DEF INT 7 FLAG CDINT 7 7FAEh, 7FAFh 
ADC1 ADC1 Conversion Complete | AD INT FLAG ADINT 7FECh, 7FEDh 


tT Relative priority within an interrupt level 
+ Release microcontroller from STANDBY and HALT low-power modes 


1 
2 
3 
5 


7 


privileged operation and EEPROM write protection override 


The TMS370Cx36 family is designed with significant flexibility to enable the designer to software-configure the 
system and peripherals to meet the requirements of a variety of applications. The nonprivileged mode of 
operation ensures the integrity of the system configuration, once it is defined for an application. Following a 
hardware reset, the TMS370Cx36 operates in the privileged mode, where all peripheral file registers have 
unrestricted read/write access, and the application program configures the system during the initialization 
sequence following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is 
set to 1 to enter the nonprivileged mode, disabling write operations to specific configuration-control bits within 
the PF. Table 8 lists the control bits shown in the table which are write-protected during the nonprivileged mode 
and must be configured by software prior to exiting the privileged mode. 
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privileged operation and EEPROM write protection override (continued) 


Table 8. Privilege Bits 


REGISTERT 
CONTROL BIT 
LOCATION 
P010.5 PF AUTO WAIT 
pees P010.6 OSC POWER 
sccrt P011.2 MEMORY DISABLE 
PO11.4 AUTOWAIT DISABLE 


PRIVILEGE DISABLE 
INT1 NMI 

CPU STEST 

BUS STEST 


PWRDWN/IDLE 
HALT/STANDBY 


SCCR2 


POSF.5 SPI ESPEN 
POSF.6 SPI PRIORITY 
POSF.7 SPI STEST 


PACT PRESCALE SELECT 0 
PACT PRESCALE SELECT 1 
PACT PRESCALE SELECT 2 
PACT PRESCALE SELECT 3 
FAST MODE SELECT 


PACT WD PRESCALE SELECT 0 
PACT WD PRESCALE SELECT 1 
PACT MODE SELECT 

PACT GROUP 3 PRIORITY 
PACT GROUP 2 PRIORITY 
PACT GROUP 1 PRIORITY 
PACT STEST 


PACTSCR 


PACTPRI 


PO7F.5 AD ESPEN 
ADPFil PO7F.6 AD PRIORITY 
PO7F.7 AD STEST 


t The privilege bits are shown in a bold typeface and shaded areas in the 
system configuration registers section of Table 10. 


low-power and IDLE modes 


The TMS370Cx36 devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact when 
the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls the low-power mode selection. 


In the STANDBY mode (HALT/ STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, the PACT counter, and the first PACT command entry remain active in 
all modules. System processing is suspended until a qualified interrupt (hardware RESET or external interrupt 
on INT1) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370Cx36 is placed in its lowest power consumption mode. 
The oscillator and internal clocks are stopped, causing ail internal activity to be halted. Systern activity is 
suspended until a qualified interrupt (hardware RESET or external interrupt on the INT1) is detected. The 
power-down mode-selection bits are summarized in Table 9. 
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low-power and IDLE modes (continued) 


Table 9. Low-Power/Idie Control Bits 


(SCCR2.6) (SCCR2.7) 
ee ee eee 
Sa Bee eat es a SR CS: a ee 
eee Sas 
t X = Don’t care 


1 
IDLE 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an IDLE instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method for always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI is generated always, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (SP, PC, and ST), I/O pin direction and output data, and status registers of all on-chip peripheral 
functions. Since all CPU instruction processing is stopped during the STANDBY and HALT modes, the clocking 
of the WD timer is inhibited. 


clock modules 


The ’x36 family provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 microcontroller. The x36 masked-ROM devices offer both options to meet 
system engineering requirements. Only one of the two clock options is allowed on each ROM device. The ’736A 
EPROM has only the divide-by-4. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a one-to-one match of the external resonator frequency (CLKIN) to the internal system 
clock (SYSCLK) frequency, whereas the divide-by-4 produces a SYSCLK which is one-fourth the frequency of 
the external resonator. Inside of the divide-by-1 module, the frequency of the external resonator is multiplied 
by four, and the clock module then divides the resulting signal by four to provide the four-phased internal system 
clock signals. The resulting SYSCLK is equal to the resonator frequency. These are formulated as follows: 


external resonator frequency _ CLKIN 
4 eee 2 


external resonator frequency x 4 
4 


The main advantage of choosing a divide-by-1 oscillator is the reduced EMI. The harmonics of low-speed 
resonators extend through fewer of the emissions spectrum than the harmonics of faster resonators. The 
divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a steeper 
decay of emissions produced by the oscillator. 


Divide-by-4 option: SYSCLK = 


Divide-by-1 option: SYSCLK = = CLKIN. 
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system configuration registers 


Table 10 contains system-configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in a bold typeface and shaded areas. 


Table 10. Peripheral File Frame 1: System-Configuration Registers 


COLD OSC PF AUTO | OSCFLT | MCPIN MC PIN uP/uC 
START POWER WAIT FLAG WPO DATA MODE 
AUTO MEMORY 
| __WAIT DISABLE 
HALT/ | PWRDWN/ BUS CPU INT PRIVILEGE 
STANDBY IDLE STEST STEST NMI DISABLE 
Reserved 


INT14 INT1 INT1 INT1 INT1 
FLAG PIN DATA POLARITY | PRIORITY ENABLE 


Reserved 


PF REG 


PO10 SCCRO 


SCCR1 


P011 


P012 SCCR2 


P013 
to 
P016 


PO17 INT4 


P018 
PO19 
PO1A 
P01B 
PO1C 


PO1D 
PO1E 
PO1F 


Reserved 


Ciel Ee a a SEI 


Reserved 


Reserved 


DEECTL 


Ercret 
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digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 11 shows the specific 
addresses, registers, and control bits within this peripheral file frame. Table 12 shows the port configuration 
register setup. 


Table 11. Peripheral File Frame 2: Digital Port-Control Registers 


[Pond GontroiRegistert(mustbe)——S—SCd SO dO 
[Pon b Control Regiter2(mustbeot + it 
Pegs 2 oom Cee 
en eee ee a ee 


t To configure pin D3 as SYSCLK, set port D control register 2 = O8h. 


APORT1 
APORT2 
ADATA 
ADIR 


DPORT1 
DPORT2 


Table 12. Port Configuration Register Setup 


abcd 
00q1 


a = Port x Control Register 1 
b = Port x Control Register 2 
c = Data 
d = Direction 


serial peripheral interface 


The SPI is a high-speed synchronous serial I/O port that allows a serial bit stream of programmed length (one 
to eight bits) to be shifted into and out of the device at a programmable bit transfer rate. The SPI normally is 
used for communications between the microcontroller and external peripherals or another microcontroller. 
Typical applications include external I/O or peripheral expansion by way of devices such as shift registers, 
display drivers, and A/D converters. Multi-device communications are supported by the master/slave operation 
of the SPI. The SPI module features include the following: 


@ Three external pins 
— SPISOMI: SPI slave output/master input pin or general-purpose bidirectional I/O pin 
— SPISIMO: SPI slave input/master output pin or general-purpose bidirectional |/O pin 
— SPICLK: SPI serial clock pin or general-purpose bidirectional I/O pin 


@ Two operational modes: Master and slave 
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serial peripheral interface (continued) 


@ Baud rate: Eight different programmable rates 
— Maximum baud rate in master mode: 2.5M bps at 5-MHz SYSCLK 


SPI BAUD RATE = Sscrs Sscrs 


where b=bit rate in SPICCR.5-3 (range 0-7) 
— Maximum baud rate in slave mode: 625K bps at 5-MHz SYSCLK 
for maximum slave SP! BAUD RATE < SYSCLK/8 


Data word format: one to eight data bits 


Simultaneous receiver and transmitter operations (transmit function can be disabled in software) 


Transmitter and receiver operations are accomplished through either interrupt-driven or polled algorithms. 
Seven SPI module control registers located in control register frame beginning at address PO30h 


The SPI module-control registers are listed in Table 13. 


Table 13. SP! Module-Control Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
SPI SW CLOCK SPI BIT SPI BIT SPI BIT SPI SPI SPI 
RESET POLARITY RATE2 RATE1 RATEO CHAR2 CHAR1 CHARO 

RECEIVER SPI INT MASTER/ TALK SPI INT 
OVERRUN FLAG SLAVE ENA 
Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 


RESERVED 


PF REG 


P030 SPICCR 


P031 SPICTL 


P032 
to 
P036 


P037 
P038 


SPIBUF 


P039 SDAT7 SDAT6 SDAT5 SDAT4 SDAT3 SDAT2 SDAT1 SDATO SPIDAT 
PO3A 
to Reserved 
PO3C 
SPICLK SPICLK SPICLK SPICLK 
POSE SPISIMO SPISIMO SPISIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI SPIPC2 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
SPI SPI SPI 
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serial peripheral interface (continued) 


The SPI block diagram is illustrated in Figure 7. 


SPIBUF.7-0 RECEIVER 
OVER RUN 
SPIBUF Buffer 
Register SPICTL.7 


SPI INT FLAG SPICTL.O 


SPICTL.6 O) 


SPIINT ENA 


~ SPIDAT 
Data Register U 


1 
i 
i] 
SPIDAT.7-0 SPICTL.1 ! 
1 
i] 


State Control 


SPIPC2.7-4 


MASTER/SLAVET 


SPI CHAR 
Fs rt i ee + BED) 
System 
Clock (—SPICCR 53) ! 
Pslala CLOCK POLARITY 
SPI BIT RATE 


t The block diagram is shown in slave mode. 


Figure 7. SPI Block Diagram 


programmable acquisition and control timer (PACT) module 


Traditionally, timers in microcontrollers provide limited capture and compare functions consuming significant 
CPU processing power and leading to inaccurate timings due to interrupt latencies. The programmable 
acquisition and control timer (PACT) acts as a coprocessor combining configurable capture and compare 
features, within a flexible dual-port RAM, able to run real-time tasks with little or no CPU intervention. The PACT 
structure allows concatenation of tasks, thus enabling the CPU to perform data manipulation while the PACT 
module both captures and outputs real-time-related information. Since all the PACT control information is held 
within the dual-port Ram, the CPU can access these parameters quickly. 


To use the PACT, the user must set up three distinct areas of memory. The first is the dual-port RAM, which 
contains the capture area, the commands, and the timer definitions. The second is the peripheral frame. The 
third is an area near the end of the program memory which holds the interrupt vectors of PACT. 
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programmable acquisition and control timer (PACT) module (continued) 


The PACT module features include the following: 


Input-capture functions on up to six input pins (CP1 to CP6), depending on the mode selected: 

— ModeA:CP1-2 are dedicated capture, CP3—6 are circular buffer capture, and CP6 is also an event pin. 
— ModeB:CP1-4 are dedicated capture, CP5—6 are circular buffer capture, and CP6 is also an event pin. 
Multiple timer-driven outputs on eight pins (OP1 to OP8) 


— Standard compare command: set or clear an output pin whenever the timer/counter is equal to a certain 
value 


— Virtual timers: enable variations of the PWM’s period and provides periodic interrupts to the processor. 


— Double event-compare command: comparisons of the 8-bit event counter with two event-compare 
values and the actions that can be performed are based on each value: 


— Event-compare 1 matching the event counter: sets or resets the selected output pin (OP1—OP8), 
generates interrupt, and generates a 32-bit capture into the circular buffer. 


— Event-compare 2 matching the event counter: sets or resets the selected output pin (OP1—OP8), 
generates interrupt, generates a 32-bit capture into the circular buffer, and resets the 20-bit default 
timer. 


— Offset timer definition-time from last event: 
— Generates an interrupt when the maximum event count is reached 
— Stores the 16-bit virtual timer in the circular buffer on each event 


— Stores the 20-bit default timer and 8-bit event counter in the circular buffer when the maximum 
event count is reached 


— Resets the 20-bit hardware default timer when the maximum event count is reached. 
— Conditional-compare command has a timer-compare value and an event-compare value. 


— Generates an interrupt when the event-compare value equals the event counter and the 
timer-compare value equals the last defined timer 


— Sets or clears one of the seven output pins (OP 1—OP7) when the event compare value equals the 
event counter and the timer-compare value equals the last defined timer 


— Baud rate timer definition: runs the mini-serial communications port built into the PACT module. 
Configurable timer overflow rates 

One 8-bit event counter driven by CP6 

Up to 20-bit timer capability 

Interaction between event counter and timer activity 

Register-based organization allowing direct access to timer parameters by the CPU 

18 independent interrupt vectors with two priority levels 


Integrated, configurable watchdog with selectable time-out period 


8-24 


vi TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx36 
8-BIT MICROCONTROLLER 


SPNSO39A — JANUARY 1996 — REVISED MARCH 1996 
programmable acquisition and control timer (PACT) module (continued) 


@ Mini-serial communications interface works as a simplified full duplex universal asychronous 
receiver/transmitter (UART) with independent setup of baud rate for receive and transmit lines. 


— Asynchronous communications mode 


Asynchronous Baud = otalecsalaas ich pia ha A pn 


(Max Virtual Timer Value) x (4) x (PACT Resolution) 
where PACT Resolution = SYSCLK x Prescale Value 


PACT block diagram 
The PACT module block diagram is illustrated in Figure 8. 


PACT PRESCALED CLOCK 


20-Bit Timer / Counter 
Co ee — 

CP1 Dedicated Capture Register 1 

CP2 Dedicated Capture Register 2 


Dedicated Capture Register 3 
5 Dedicated Capture Register 4 


Watchdog Timer 


CP3 Sack a 
( ) 
ee ana 
CP5 2 
CP6 OfO ‘ 
3-Bit Prescaler % O Circular Buffer 
(32-Bit Captures) 


Bees 8: opti 
OPT2 
OPT3 
sas outpane TS opre 
OPT6 
OPT7 
OPT8 
Command Analyzer 
and 
Output Controller ° Int Level 1 


O 
or. ee Levee 


Figure 8. PACT Block diagram 
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PACT control registers 


P040 


P041 


P042 AREA AREA AREA AREA AREA END 


P043 


P044 


P045 


P046 


P047 


P048 


P049 


PO4A 


P04B 


P04C 


PO4E 


PF 


The PACT module is controlled and accessed through registers in peripheral frame 4. These registers are listed 
in Table 14. The bits in shaded boxes are privileged mode bits; that is, they can be written to only in the privileged 
mode. 


Table 14. PACT Control Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


DEFTIM DEFTIM FAST 
OVRFL OVRFL biopic 
INT ENA INT FLAG 


CMD/DEF 
AREA 
INT ENA 


REG 


PACTSCR 


CMD/DEF 
AREA 


CMD/DEF 
AREA 


CMD/DEF 
AREA 


CDSTART 


CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF 
CDEND 
END BIT 6 END BIT 5 END BIT 4 END BIT 3 BIT 2 


BUFFER BUFFER BUFFER BUFFER BUFFER 
POINTER POINTER POINTER POINTER POINTER 
BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 


Reserved 
PACT PACT PACT PACT FE PACT SCI PACT SCI PACT SCI 
RXRDY TXRDY PARITY RX INT ENA | TX INT ENA SW RESET 
PACT PACT PACT PACT PACT PACT PACT PACT 
RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 
PACT PACT PACT PACT PACT PACT PACT PACT 
TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 
PACT OP8 PACT OP7 PACT OP6 PACT OP5 PACT OP4 PACT OP3 PACT OP2 PACT OP1 
STATE STATE STATE STATE STATE STATE STATE STATE 
CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF 
INT 7 FLAG | INT 6 FLAG INT5 FLAG | INT 4 FLAG INT 3 FLAG INT2 FLAG | INT 1FLAG | INTOFLAG 
CP2 INT CP2 INT CP2 CAPT CP2 CAPT CP1 INT CP1 INT CP1 CAPT CP1 CAPT 
ENA FLAG RISING FALLING ENA FLAG RISING FALLING 
EDGE EDGE EDGE EDGE 


BUFPTR 


SCICTLP 


RXBUFP 


TXBUFP 


PSTATE 


CDFLAGS 


CPCTLI 
CP4 CAPT | CP4 CAPT CP3CAPT | CP3CAPT 
ae pel RISING FALLING nets 2 ePa RISING FALLING |CPCTL2 
EDGE EDGE EDGE EDGE 
CP6 CAPT | CP6 CAPT CP5 CAPT | CP5 CAPT 
ties rae RISING FALLING pps ner Paes RISING FALLING |CPCTL3 
EDGE EDGE EDGE EDGE 
INPUT INPUT INPUT 
BUFFER | BUFFER EVENT 
CAPT CAPT CAPT | CP6 EVENT OP/ SET/CLR 
POsD Beas pbk Se PRESCALE | PRESCALE | PRESCALE ONLY Memeliods SELECT | CPPRE 
SELECT3 | SELECT2 | SELECT1 
WATCHDOG REST KEY WDRST 
E PACT 
PACT 
Poar | ee GROUP 2 PACTPRI 


PRIORITY 
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analog-to-digital converter 1 module 


The analog-to-digital converter 1 (ADC1) module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has four multiplexed analog input channels that allow the processor to 
convert the voltage levels from up to eight different sources. The ADC1 module features include the following: 


® Minimum conversion time: 32.8 us at 5-MHz SYSCLK 


@ Ten external pins: 


— Eight analog-input channels (ANO—AN7), any of which can be software-configured as digital inputs 
(EO—E7) when not needed as analog channels 


— AN1-—AN7 also can be configured as positive-input voltage reference. 
—- Vocg3: ADC1 module high-voltage reference input 
- Vgg3: ADC1 module low-voltage reference input 
@ The ADDATA register, which contains the digital result of the last ADC1 conversion. 
@ ADC1 operations can be accomplished through either interrupt-driven or polled algorithms. 
@ Six ADC1 module control registers located in the control-register frame beginning at address 1070h 


The ADC1 module control registers are listed in Table 15. 


Table 15. ADC1 Module Control Register Memory Map 


CONVERT | SAMPLE | REF VOLT | REF VOLT | REF VOLT | ADINPUT | ADINPUT | AD INPUT 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 


PF REG 


ADCTL 


P0O70 
AD INT AD INT 
P072 A/D Conversion Data Register ADDATA 
P073 
to RESERVED 
PO7C 
PO07D Port E Data Input Register ADIN 
PO7E Port E Input Enable Register ADENA 
AG 1 
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analog-to-digital converter 1 module (continued) 


The ADC1 module block diagram is illustrated in Figure 9. 


Port E Input Pe ee 
ENA 0 | dealt ane | 
ADENA.O | SAMPLE CONVERT 
— | Peauee START START 
fae O ADCTL.2-0 ADCTL.6 ADCTL.7 
re) nput 
ENA 1 | Port E Data | AD INPUT SELECT 


Ce) fa 
Coon) 


Port E Input 
ati ae A Port E Data | 


Cae Om 
Cron) 


Port E Input 
ENA “e : Port E Data | 


Sia a 
Crom) 


Port E Input 
irra a Port E Data 


| 
pan eee 
| 


ADENA.4 
2 
(ADIN) 


ADDATA.7-0 


A-to-D 


Conversion 
Data Register 


Port E Input 
sere “8 | Port E Data 


| 
AN5 | 
ee > Canons) 


AD READY 


ADSTAT.2 


Port E Input ADPRIL6 
ENA » ae Port E Data , —— 


AN 6 


| 
| 
| 
ee CD) ED 
O ADCTL.5-3 
Port E Input | 


| 
ENA7 | Port E Data AD INT FLAG 


| 
AN7 ADSTAT.1 
(  ADENA.7  ) . ADINT ) : 
es aap sees oes ADSTAT.O 


| Vec3 > AD INT ENA 
Vss3 > 


Figure 9. ADC1 Block Diagram 
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instruction set overview 


Table 16 provides an opcode to instruction cross reference of all 73 instructions and 274 opcodes of the 
‘°370Cx36 instruction set. The numbers at the top of this table represent the most significant nibble (MSN) of 
the opcode while the numbers at the left side of the table represent the least significant nibble (LSN). The 
instruction of these two opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that 
opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 16. TMS370 Family Opcode/instruction Mapt 


Rs,Rd,ra 
4/11 


Rs,Rd,ra 
4/11 


T All conditional jumps (opcodes 01-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


#n,Pd,ra 
4/11 


BTJZ 
A,Pd,ra #n,Pd,ra 
3/10 4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*“lab[B],A 
3/12 


MOV 
A,*lab[B] 
3/12 


XCHB A/ 
TSTB 
1/10 


MOV 
#ra[SP],A 


MOV 
A,*ra[SP] 
2/7 


966+ HOUVW GASIASH — 9661 AYVNNVS -V6EOSNdS 


9EXDOZESINL 


SYA TIOULNOOOUOIWN LId-8 


Evyl-lSZZZ SVX3L‘NOLSNOH ef! XO 30ISSO 1SOd 


I 


SVXAL gia 


SLNANNULSN 


zor 


Table 16. TMS370 Family Opcode/Instruction Mapt (Continued) 


6 


rf 


MSN 


9 A 
BR 


“Rp 
2/8 


B 
RR 
A 
1/8 
CMP CMP RRC 
*Rp,A *lab[B],A A 
2/10 3/13 1/8 
CALL CALL RL 
*Rp *lab[B] A 
1/8 
CALLR RLC 
A 
1/8 


2/12 3/15 


Second byte of two-byte instructions (F4xx): F4 

F4 
Legend: 
* = Indirect addressing operand prefix F4 
& = Direct addressing operand prefix 
# = immediate operand 
#16 = immediate 16-bit number F4 
lab = 16-label 
n = immediate 8-bit number 
Pd = Peripheral register containing destination type F4 
Pn = Peripheral register 
Ps = Peripheral register containing source byte 
ra = Relative address 
Rd = Register containing destination type F4 
Rn = Register file 
Rp = Register pair 
Rpd= Destination register pair F4 
Rps= Source Register pair 
Rs = Register containing source byte 

F4 


L€-8 


T All conditional jumps (opcodes 01-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instructions 
have a relative address as the last operand. 
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development system support 


The TMS370 family development support tools include an assembler, a C-compiler, a linker, CDT and an 
EEPROM/UVEPROM programmer. 


Assembler/linker (Part No. TMDS3740850-—02 for PC) 

— Includes extensive macro capability 

— Provides high-speed operation 

— Includes format conversion utilities for popular formats 


ANSI C Compiler (Part No. TMDS3740855-02 for PC, Part No. TMDS3740555—09 for HP700™, SUN-3™ 
or SUN- 4™) 


— Generate assembly code for the TMS370 that can be inspected easily 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct reference the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
CDT370 (Compact Development Tool) PACT real-time in-circuit emulation 
— Base (Part Number EDSCDT37P — for PC, requires cable) 
— Cable for 44-pin PLCC (Part No. EDSTRG44PLCC36) 
— EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Includes compatibility to upload/download program and data memory 
— Execute programs anc software routines 
— Includes 1024-sample trace buffer 
— Includes single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 44-pin PLCC (Part No. TMDS3780512A) 


— PC-based, window/function-key-oriented user interface for ease of use and rapid learning environment 


HP700 is a trademark of Hewlett Packard, Incorporated. 
SUN-3 and SUN-4 are trademarks of Sun Microsystems, Incorporated. 
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Figure 10 illustrates the numbering and symbol nomenclature for the TMS370Cx36 family. 


TMS 370 C 7 36 A FN T 


Ty] Prefix: 
cot dew 


Family: 
Oi es Be 


Technology: 
Program Memory Types: 


Device Type: 
Memory Size: 
Temperature Ranges: 


Packages: 


ROM and EPROM Option: 


Standard prefix for fully qualified devices 

System evaluator (window EPROM) that Is used for 
prototyping purpose. 

TMS370 8-Bit Microcontroller Family 

CMOS 


Mask ROM 
EPROM 


x36 device containing the following modules: 
- Analog-to-Digital Converter 1 
— Serial Peripheral interface 
— Programmable Acquisition and 
Control Timer (PACT) 


16K bytes 

—40°C to 85°C 
0°C to 70°C 

-40°C to 105°C 


Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 

- A standard watchdog or 

- A hard watchdog or 

- A simple watchdog 
The clock can be either: 

~ Divide-by-4 clock or 

— Divide-by-1 (PLL) clock 
The low-power modes can be either: 

— Enabled or 

— Disabled 

For EPROM device, a standard watchdog, a divide-by- 
4 clock, and low-power modes are enabled 


Figure 10. TMS370Cx36 Family Nomenclature 
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device part numbers 


Table 17 provides a listing of all the x36 devices available. The device part number nomenclature is designed 
to assist ordering. Upon ordering, the customer must specify not only the device part number, but also the clock 
and watchdog timer options desired. Each device can have only one of the three possible watchdog timer 
options and one of the two clock options. The options to be specified pertain solely to orders involving ROM 
devices. 


Table 17. Device Part Numbers 
DEVICE PART NUMBERS 
FOR 44 PINS (LCC) 


TMS370CO36AFNA 
TMS370CO36AFNL 


TMS370CO36AFNT 


TMS370C736AFNT 
SE370C736AFzZTT 


t System evaluators are for use in prototype environment, and their 
reliability has not been characterized. 
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Figure 11 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using Ti standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: ci 

No: (Std. spec to be followed) 
“If Yes: Customer must provide "print’ to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


Tl Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
: . Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 
erst See 2 i + eames ; “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 


options. See the 7MS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
he Se 0° to 70°C (standard) {] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[]’A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
eT: —40° to 105°C [] “N” 40-pin PDIP {] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization {] YES [] NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE Ti ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
TI spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this T| custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 11. Sample New Code Release Form 
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Table 18. Peripheral File Frame Compilation 


Table 18 is a collection of all the peripheral file frames used in the ’Cx36 (provided for a quick reference). 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


System Configuration Registers 
COLD osc PF AUTO OSC FLT MC PIN MC PIN uP/uC 
START POWER WAIT FLAG WPO DATA MODE 
ae MEMORY 
a DISABLE 
HALT/ PWRDWN/ BUS CPU PRIVILEGE 
STANDBY IDLE STEST STEST DISABLE 


TE Se PEE E a a 


Reserved 


Reserved 


PF REG 


DEECTL 


EPCTLL 


Digital Port Control Registers 
APORT1 
APORT2 
ADATA 
ADIR 


’ Reserved 
Port A Control Register 2 (must be 0) 
Port A Data 
Port A Direction 


Reserved 


DPORT1 
DPORT2 
DDATA 
DDIR 


Port D Control Register 1 (must be 0) 
Port D Control Register 2 (must be 0)t 
Port D Data 
Port D Direction 


SPI Module Control Register Memory Map 
SPI SW CLOCK SPI BIT SPI BIT SPI BIT SPI SPI SPI 
RESET POLARITY RATE2 RATE1 RATEO CHAR2 CHAR1 CHARO 
RECEIVER SPI INT MASTER/ TALK SPI INT 
OVERRUN FLAG SLAVE ENA 
Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 


Reserved 


SDAT7 SDAT6 SDAT5 SDAT4 SDATS3 SDAT2 SDAT1 SDATO 


tT To configure D3 as SYSCLK, set port D register 2 = 08h. 


SPICCR 


SPICTL 


SPIBUF 


SPIDAT 
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Table 18. Peripheral File Frame Compilation (Continued) 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
PO3A 
to Reserved 


CMD/DEF 


Sibied AREA ENA 


INT ENA 


OVRFL 
INT FLAG 


P040 


CMD/DEF 
AREA 
START BIT 
5 


CMD/DEF 
AREA 
END BIT 5 


BUFFER 
POINTER 
BIT 5 


CMD/DEF 
AREA 
INT ENA 


P041 


CMD/DEF 
AREA 
END BIT 6 


P042 


ey BS: PACT PACT pact re | PAcTSci | PACT SCI PACT SCI SW 
RXRDY TXRDY PARITY RX INT ENA | TX INT ENA RESET 
PACT PACT PACT PACT PACT PACT PACT 
P046 | = RxDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 PACT RXDTO 
PACT PACT PACT PACT PACT PACT 
TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 PACT TXDTO 
PACTOP7 | PACTOP6 | PACTOPS | PACTOP4 | PACTOP3 | PACTOP2 | PACTOP1 
STATE STATE STATE STATE STATE STATE STATE 
CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF INT 
INT6 FLAG | INTSFLAG | INT4FLAG | INT3FLAG | INT2FLAG | INT1FLAG 0 FLAG 
CP1 INT CP1 INT 
ENA FLAG 
CP3 INT CP3 INT 
ENA FLAG 
CP5 INT CP5 INT 
ENA FLAG 


PACT 
TXDT7 


PACT OP8 
STATE 


CMD/DEF 
INT 7 FLAG 


CP2 CAPT 
RISING 
EDGE 


CP2 INT 
ENA 


CP2 INT 
FLAG 
CP4 INT 
FLAG 
CP6 INT 
FLAG 
BUFFER 


HALF/FULL 
INT FLAG 


CP4 CAPT 
RISING 
EDGE 


CP4 INT 

P04B ENA 

CP6 CAPT 
RISING 
EDGE 


INPUT 
CAPT 


- CP6 INT 


P04C ENA 


BUFFER 
HALF/FULL 
INT ENA 


P04D 
SELECT 3 


PRESCALE 


CMD/DEF 


AREA 
START BIT 
4 


CMD/DEF 
AREA 
END BIT 4 


BUFFER 
POINTER 
BIT 4 


AREA 
START BIT 
3 


CMD/DEF 
AREA 
END BIT 3 


BUFFER 
POINTER 
BIT 3 


Reserved 


CP2 CAPT 
FALLING 
EDGE 


CP4 CAPT 
FALLING 
EDGE 


CP6 CAPT 
FALLING 
EDGE 


INPUT 
CAPT 


PRESCALE 


SELECT 2 


INPUT 
CAPT 


PRESCALE 


SELECT 1 
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CMD/DEF 


AREA 
START BIT 
2 


CMD/DEF 
AREA END 
BIT 2 


BUFFER 
POINTER 
BIT 2 


CP6 EVENT 


ONLY 


PACT 
PRESCALE 
SELECTO 


BUFFER 
POINTER 
BIT 1 


CP1 CAPT 
RISING 
EDGE 


CP3 CAPT 
RISING 
EDGE 


CP5 CAPT 
RISING 
EDGE 


CP1 CAPT 
FALLING 
EDGE 


CP3 CAPT 
FALLING 
EDGE 


CP5 CAPT 
FALLING 
EDGE 


EVENT 


COUNTER OP/ SET/CLR 


SW RESET 


SELECT 


SPIPC1 


SPIPC2 


SPIPRI 


PACTSCR 


CDSTART 


CDEND 


BUFPTR 


SCICTLP 


RXBUFP 


TXBUFP 


PSTATE 


CDFLAGS 


CPCTL1 


CPCTL2 


CPCTL3 


CPPRE 
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Table 18. Peripheral File Frame Compilation (Continued) 


PF BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
PO4E WATCHDOG RESET KEY WDRST 
PACT : | 
Po4F ee | | P PACTPRI 
po79 | CONVERT | SAMPLE | REF volt | REFVOLT | REF VOLT | ADINPUT | ADINPUT | AD INPUT SE- ier. 
START START | SELECT2 | SELECT! | SELECTO | SELECT2 | SELECT! LECTO 


PO71 


AD INT 


P072 ADC1 Conversion Data Register ADDATA 


P073 
to 


RESERVED 


PO7C 

P0O7D Port E Data Input Register ADIN 

PO7E Port E Input Enable Register ADENA 
AD 

"(eee ~ | - | - | - | 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


BUNOW VOMaUe TANGO, Virrse LOO CNN oo fey ha oo gig once sec cnc sb ees es cease eewnTaus os —-0.6Vto7V 
IODUEMON AUS TENIGs HN DING OXCORN IME. o let occ ce ctw ee coves s DRENDEN EON wea we’ —0.6 V to7 V 

Sega AE AER SINS PRLAE S SRRR SE  AR S REE OD -0.6V to 14V 
Input clamp current, liq (Vj <O Or Vi> VOC)... eect e eee ete e eee ce ee ceeeetteneeeenes +20 mA 
Ouisut clamp Gurrent. lane (vr) = 0-OF Vig SOR) nck ss ¢itlaaa gets ween sc es aa ene ee ceades vale +20 mA 
Continuous output current per buffer, Io (Vo = 0 to Vecy) (see Note 5) ...... cece eee eee eee +10 mA 
PAGS TUULSPA APES SE TEREER (Gye as 's.0 iss 4.5 oh oe SAME MSA TEE «bap ha ee a en wep de ARGO a te eas 170 mA 
RRM Re eM iy hac ss oa aie ERA te es On SAW Ain So 6 ons ea p clade a 5 Oda gee -— 170 mA 
reeset Cea CM IIIT re Sy os Se ca eect Lan a aE tacie ee Vie Ode EN SE Te oe ee 1W 
Operating free-air temperature, Ta: Lversion ........... cc cece cece eee ete e eee eeees 0°C to 70°C 

EEE sd I 5 | @ SARE eae gE Mr —40°C to 85°C 

gi a ee Ue Lee ean dee ye -—40°C to 105°C 
Storage temperature range, Tstg ..--- ees eee e twee cette tet e eee eee eee n ete neeeenes —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 4. Unless otherwise noted, all voltage values are with respect to Vssj. 

5. Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in 
any buffer can affect the levels on other buffers. 


recommended operating conditions 


Supply voltage (see Note 4) 

RAM data-retention supply voltage (see Note 6) 
Wiecrot Standby RAM supply voltage 

Standby RAM data retention supply voltage (see Note 6) 
VCC3 Analog supply voltage (see Note 4) 


Vss3 Analog supply ground 


All pins except MC 
VIL Low-level input voltage 
MC, normal operation 


High-level input voltage 


MC (mode control) voltage 13 
Ce ee ee 
Operating free-air temperature 


NOTES: 4. Unless otherwise noted, all voltage values are with respect to Vss1. 
6. RESET must be externally activated when Voc or SYSCLK is not within the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 
Low-level output voltage 


TEST CONDITIONS 
lo = 1.4mA 


VOL All outputs 


All outputs 
except PACT 
outputs 


PACT outputs 
All outputs 


loH = -50 nA 


VOH High-level output voltage 
IOH = —50 HA 

IOH=-2mMA 

OV<sV\<0.3V 
0.3V<Vi<Voc1-0.3V 
Voc1-0.3 < Vj < Vocoi+0.3 V 
Voci +0.3V<Vi,<13V 


Input current 


1?) 


I/O pins 0V<Vi<Vcoc1 
lOL Low-level output current All outputs VoL = 0.4 V 
VOH = 0.9 V. 
lOH High-level output current All outputs Sk 22d. 
VOH = 2.4 V 
Supply current (operating mocie) See Notes 7 and 8 
OSC POWER bit = 0 SYSCLK = 5 MHz 


N 
ok 
i) 


Supply current (STANDBY mede) See Notes 7 and 8 
CC1 OSC POWER bit = 0 SYSCLK = 5 MHz 
Supply current (HALT mode) toe nae sigs V 


Standby RAM supply current (operating mode OSC | SYSCLK = 5 MHz 
CCSTBY POWER bit = 0) VocstTBy = 4.5 V 


NOTES: 7. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or = Voc. — 0.2V. 
8. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. At5-MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 
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XTAL2/CLKIN XTAL2/CLKIN 


i 


Peg 
C1 5 Crystal/Ceramic cay C2 + (see Note A) 
(see Note A) — Resonator 1. (see Note A) External 
7 (see Note B) : Clock Signal 
NOTES: A. The values of C1 and C2 are typically 15 pF and C3 value is typically 50 pF. See the manufacturer’s recommendations for ceramic 
resonators. 


B. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


Figure 12. Recommended Crystal/Clock Connections 


Load Voltage 


1.2 kQ 


Vo 
20 pF 


ae 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = Voi = 0.4 V; Load Voltage = 2.1 V 
NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 13. Typical Output Load Circuit (See Note A) 


Vcc 


Pin Data 


Output 
Enable 


Figure 14. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AR Array SC SYSCLK 
B Byte SIMO SPISIMO 
Cl XTAL2/CLKIN SOMI SPISOMI 
M Master mode SPC SPICLK 
S Slave mode 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) su setup time 

d delay time V valid time 

f fall time w pulse duration (width) 
r rise time 

The following additional letters are used with these meanings: 

H High 

L Low 

V Valid 


All timings are measured between high and low measurement points as indicated in Figure 15 and Figure 16. 


Lane ebie: — —_. 0.8 V (Low) —_——— —— 0.8 V (Low) 


Figure 15. XTAL2/CLKIN Measurement Points Figure 16. General Measurement Points 
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external clocking requirements for clock divided by 4 (see Note 9 and Figure 17) 


i er a a ee oes 
tw(Cl Pulse duration, XTAL2/CLKIN (see Note 10) Ges EES 
alge, eee SS ee 
Sli eee 
[4 [taicirsscly Delay time, XTALZICLKIN se to SYSCLKal SSCS ns 
TT cukIN Crystal operating frequency SSCS] 
ae Toss] wie | 


SYSCLK Internal system clock operating frequencyt 


Tt SYSCLK = CLKIN/4 
NOTES: 9. For Vi, and Vjp, refer to recommended operating conditions. 
10. This pulse may be either a high pulse, as illustrated below, which extends from the earliest valid high to the final valid high in an 
XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


+— 1 > 


+ 2 


y_ 
—_ 


l¢+—> 4 


SYSCLK / ee ee ae ee ere 


Figure 17. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL) (see Note 9 and Figure 18) 


oC ee ee 
tw(Cl Pulse duration, XTAL2/CLKIN (see Note 10) ie eee ee 
ai eee 

ich lie MO ee a 
a(cin-Son) Delay time, XTALBICLKIN rise to SYSCLKrso SCS SSO rs 
[CLKIN. Crystal operatinghequency SSS 
[SYSCLK eternal eystom clock operating requeney ——SSSCSCSCSC~C~CS~‘“~rS Se 


T SYSCLK = CLKIN/1 
NOTES: 9. For Vi, and Vjp, refer to recommended operating conditions. 
10. This pulse can be either a high pulse, as illustrated below, which extends from the earliest valid high to the final valid high in an 
XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


aes 
cmc J ft Ne fl 
| | | 
+ le 2 ies > es 


Figure 18. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 11 and Figure 19) 


L N@r] PARAMETER 


Divide by 4 200 2000 
5 tc Cycle time, SYSCLK (system clock) er ns <n 
videbyt | 200500 


| 6 | twscL Pulse duration, SYSCLK low O.5t--20 05t¢ 
tw(SCH Pulse duration, SYSCLK high O5tc 0.5t¢+20 


NOTE 11: te = system clock cycle time = 1/SYSCLK 


2 AR ee aaa ee el 
| | eo | seks 
| 


Figure 19. SYSCLK Timing 


general purpose output signa! switching time requirements (see Figure 20) 


hen eo ee 


Figure 20. Signal Switching Timing 


recommended EEPROM timing requirements for programming 


tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) ae ae Se 
tw(/PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) ie See ee 


recommended EPROM operating conditions for programming 


Voc Supply voltage 4.75 5.5 6 
Vpp Supply voltage at MC pin 13S. 132” 135 ae 28 


V 
Ipp Supply current at MC pin during programming (Vpp = 13 V) 30 50 
SYSCLK System clock — MHz 
Divide by 1 


recommended EPROM timing requirements for programming 


tw(EPGM Pulse duration, programming signal (see Note 12) 0.40 0.50 3 


NOTE 12: Programming pulse is active when both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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SPI master mode external timing characteristics and requirements (see Note 11 and Figure 21) 
BORA SRE | AS Shes ae ee oe 


| No. | 
aber 
| 40 | twiSPCH)M Pulse duration, SPICLK high 


td(SPCL-SIMOV)M Delay time, SPISIMO valid after SPICLK low (polarity = 1) 


tsu(SOMI-SPCH)M_ Setup time, SPISOMI to SPICLK high (polarity = 1) 


Valid time, SPISOMI data valid after SPICLK high 
44 | 'v(SPCH-SOMI)M (polarity = 1) 


NOTE 11: te = system clock cycle time = 1/SYSCLK 


ee ee 
| | 
| \¢— 40 —> 


| +——99 = | | 
| 
+ 41 q—---— 42 Se 
SPISIMO YY = Valid RORY 
+ 43 > 
| —>| \- 44 


/ xx ¥ x YY OOS Ss : EX YYVY ai YY xX XO 
SPISOM XXXXXXYXXOY) Ut 


(NALA AAAAAN LS LNLN LN LNA ZN LAN AN LN ANANLANLS 


T The diagram is for polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 21. SPI Master External Timingt 
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SPI slave mode external timing characteristics and requirements (see Note 11 and Figure 22) 


Cycle time, SPICLK 
Pulse duration, SPICLK low 


NOTE 11: te = system clock cycle time = 1/SYSCLK 


por mmaeraeniets ty, Tapa tear EeS 4 
| | 
| SRR ae 
| «#— 46 —> | | 


| 
SPICLK oe ee eee Oe 
| 


| 
joe SURI a, 2 2 


 e. XX XXX x3 Co ee (XXX \/ XX XXX XXX X 
SPISIMO 5) i Valid RY 
lt 50 >) 
| > \- 51 
OK RIOR OR SONOS CX KOCK OS OSE HE 
SPISOM KXXKMOY OOD 


Tt The diagram is for polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 22. SPI Slave External Timingt 
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ADC1 converter 


The ADC1 converter has a separate power bus for its analog circuitry. These pins are referred to as Voc3 and 
Vssg3. The purpose is to enhance ADC1 performance by preventing digital switching noise of the logic circuitry 
that can be present on Vssj and Voc; from coupling into the ADC1 analog stage. All ADC1 specifications are 
given with respect to Vss3 unless otherwise noted. 


PRON Seycs.s s oa sis RASA ote ae ia ens AEs A witha a pels Seah als & Hike ea eal 8-bits (256 values) 
PPP Nei g bate a. n 8G :aca se Fao 'a 8 WSS Ga Oe tle Mg AE Grain’ 8 ig SI oD GE RON wray ale (as ras ee ae a ee Yes 
OUT CONVEIBION NODS is o's eds en ee ee CET hs oe alee nee 00h to FFh (00 for V; < Vssg <; FF for V| < Vres) 
Conversion Tie {excluding SAMDIO. TIME) 2. oss nce on de A Fes he an ees beets Dede ssp heegs 164 t, 


recommended operating conditions 


Die iis AES al RE Ae EON ene ee Oa adh ORES PS 
V Analog supply voltage 4.5 5 5.5 
nalog supply v Vega eo ae 
CC3 g Supply g Vacon wwe 
2.5 


Vref  Non-Vcc3 referencet Voc3 Vcc3+0.1 V 
Analog input for conversion Vss3 Vref V 


T Vre¢ must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time. 


Vss3_ Analog ground Vss3-0.3 Vsg3t0.3 ee att 


V 
V 


operating characteristics over recommended ranges operating conditions 


Co ee ee | ee re eee 
aoconetng 
i wenn anoaNy eee 
mA 
memes 
PS i 


Ss 


SYSCLK < 3 MHz 
Zref | Source impedance of Vref pares 
3 MHz < SYSCLK < 5 MHz fare oe 


T Absolute resolution = 20 mV. At Vref = 5 V, this is one LSB. As Vref decreases, LSB size decreases; therefore, the absolute accuracy and 
differential/integral linearity errors in terms of LSBs increase. 
+ Excluding quantization error of 1/2 LSB 


515 
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ADC1 converter (continued) 


The ADC1 module allows complete freedom in design of the sources for the analog inputs. The period of the 
sample time is user-defined so that the high-impedance can be accommodated without penalty to the 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC1 control register 
(ADCTL.6) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START, 
ADCTL.7) is set to 1. After a hold time, the converter will reset the SAMPLE START and CONVERT START bits, 
signaling that a conversion has started and that the analog signal can be removed. 


analog timing requirements (see Figure 23) 


tsu(S Setup time, analog to sample command Bet a 


th(AN Hold time, analog input from start of conversion - 
twiS Pulse duration, sample time per kilo-Q of source impedancet 


T The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum sampling time of 1s. 


k¢————- Analog Stable —————»> 
OOS 


| | 
ees OOK XXX 


Analog in WM RRR 


QO Y 
| 


+e to 


Sample Start | | 


| ¢—— than) ———> 
kt— tyw(s) | 


Convert Start | | 


Figure 23. Analog Timing 


Table 19 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 19. TMS370Cx36 Family Package Type and Mechanical Cross-Reference 


atin Laie TMS370 GENERIC NAME acdille aig ‘aaa DEVICE PART NUMBERS 


TMS370CO36AFNA 
FN — 44 pin PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED TMS370CO36AFNL 


(50-mil pin spacing) | (PLCC) CHIP CARRIER TMS370CO36AFNT 
TMS370C736AFNT 


FZ — 44 pin CERAMIC LEADED CHIP CARRIER FZ(S-CQCC-J**) J-LEADED CERAMIC 
(50-mil pin spacing) _| (CLCC) CHIP CARRIER SE370C736AFZTT 
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@ CMOS/EEPROM/EPROM Technologies on a FN AND FZ PACKAGES 
Single Device (TOP VIEW) 
— Mask-ROM Devices for High Volume 
Production 
— One-Time-Programmable (OTP) Devices 
for Low-Volume Production 6 5 4 3 2 1 4443424140 
— Reprogrammable EPROM Devices for “ . 
Prototyping Purposes 
@ Flexible Operating Features 
— Low-Power Modes: STANDBY and HALT 
— Commercial, Industrial, and Automotive 
Temperature Ranges 
— Clock Options: “ 
— Divide-by-1 (2 MHz—5 MHz SYSCLK) 18 19 20 21 22 23 24 25 26 27 28 
Phase-Locked Loop (PLL) YES52B8Ss98 
— Divide-by-4 (0.5 MHz—5 MHz SYSCLK) ede. ns 
— Voltage (Vcc) 5 V+ 10% JC, JD, N, AND NJ PACKAGES 
@ Internal System Memory Configurations Seisda Siena i 
— On-Chip Program Memory Versions 
— ROM: 4K Bytes or 8K Bytes 
— EPROM: 8K Bytes 
-— Data EEPROM: 256 Bytes 
-— Static RAM: 256 Bytes Usable as 
Registers 
@ Two 16-Bit General-Purpose Timers 
— Software Configurable as 
Two 16-Bit Event Counters, or 
Two 16-Bit Pulse Accumulators, or 
Three 16-Bit Input Capture Functions, or 
Four Compare Registers, or 
Two Self-Contained 
Pulse-Width-Modulation (PWM) 
Functions 
® Serial Communications Interface 1 (SCI1) 
— Asynchronous and Isosynchronoust ® Eight-Bit ADC1 
Modes 
— Full Duplex, Double Buffered RX and TX 
— Two Multiprocessor Communications 
Formats 
@® CMOS/Package/TTL Compatible I/O Pins 
— All Peripheral Function Pins Software 
Configurable for Digital I/O 
— 40-Pin Plastic and Ceramic Dual-In-Line 
Packages/27 Bidirectional, 5 Input Pins 
— 44-Pin Plastic and Ceramic Leaded Chip 
Carrier Packages/27 Bidirectional, 9 
Input Pins 
@ On-Chip 24-Bit Watchdog Timer 


RESET 
T2AIC1/CR 


XTAL1 


TIPWM 


SSLRERRELES 


XTAL2/CLKIN 
XTAL1 
T1IC/CR 
T1PWM 


— Four Channels in 40-Pin Packages 
— Eight Channels in 44-Pin Packages 
@ Flexible Interrupt Handling 
@ TMS370 Series Compatibility 
® Workstation/PC-Based Development 
System 
— C Compiler Support 
— Real-Time In-Circuit Emulation 
— C Source Debug 
Extensive Breakpoint/Trace Capability 
Software Performance Analysis 
Multi-Window User Interface 
EEPROM/EPROM Programming 


A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 


Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


T Ilsosynchronous = Isochronous 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments j 
standard warranty. Production processing does not necessarily include TEXAS 
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Pin Descriptions 


ome 

ee 

aa 
18 20 


AO 


DESCRIPTION 


ES 


Port A pins are general-purpose bidirectional I/O ports. 


Port B pins are general-purpose bidirectional I/O ports. 


Port D pins are general-purpose bidirectional I/O ports. 
D3 is also configurable as SYSCLK. 


Analog-to-digital converter 1 (ADC1) analog input channels or positive reference pins; any 
ADC1 channel can be programmed as general-purpose input pin (E port) if not used as an 
analog input or reference channel. 


ADC1 converter positive supply voltage and optional positive reference input pin 
ADC1 converter ground supply and low reference input pin 


External (non-maskable or maskable) interrupt/general-purpose input pin 
External maskable interrupt input/general-purpose bidirectional pin 
External maskable interrupt input/general-purpose bidirectional pin 


Timer 1 input capture/counter reset input pin/general-purpose bidirectional pin 
Timer 1 pulse-width-modulation output pin/general-purpose bidirectional pin 
Timer 1 external event input pin/general-purpose bidirectional pin 


T2AIC1/CR Timer 2A input capture/counter reset input pin/general-purpose bidirectional pin 
T2AIC2/PWM Timer 2A input capture 2/PWM output pin/general-purpose bidirectional pin 
T2AEVT Timer 2A external event input pin/general-purpose bidirectional pin 


SCITXD SCI transmit data output pin/general-purpose bidirectional pin t 
SCIRXD SCI receive data input pin/general-purpose bidirectional pin 
SCICLK SCI bidirectional serial clock pin/general-purpose bidirectional pin 


System reset bidirectional pin. As input, RESET initializes microcontroller; as open-drain 
output, RESET indicates detection of an internal fault by the watchdog or oscillator fault cir- 
cuit. 


Mode control input pin; enables the EEPROM write-protection-override (WPO) mode, also 
MC 34 
EPROM Vpp. 
XTAL1 32 37 internal-oscillator output for crystal 
XTAL2/CLKIN 33 38 Internal-oscillator crystal input/external clock source input 
Vcc 9 10 Positive supply voltage 
Vss 12 14 Ground reference 
T | = input, O = output 
+ The three-pin configuration SCI is referred to as SCI1. 
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XTAL2/ 
INT1 INT2 INT3 XTAL1 CLKIN MC RESET 


DTS PATS 
Clock Options 
Divide-by-4 or System . 
Divide-by-1(PLL) Control 
RAM 
256 Bytes 
(Usable as Registers) 


Program Memory 


ROM: 4K or 8K Bytes 
EPROM:8K Bytes 


Data EEPROM 
0 or 256 Bytes 


description 


Serial 
_ 7} Communications 
Interface 1 
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ANO-AN7 


A-to-D 
Converter 1 
(40-Pin: 4 CH) 
(44-Pin: 8 CH) 


Timer 1 


Watchdog 


40-PIN DIP: AN2, AN3, 


AN6, AN7 


44-PIN PLCC:ANO-AN7 


Vcoc3 
Vss3 


SCIRXD 
SCITXD 
SCICLK 


T2AIC1/CR 
T2AEVT 
T2AIC2/PWM 


T1IC/CR 
TIEVT 
TIPWM 


Vcc 
Vss 


The TMS370C040A, TMS370C042A, TMS370C340A, TMS370C342A, TMS370C742A, and SE370C742A 
devices are members of the TMS370 family of single-chip 8-bit microcontrollers. Unless otherwise noted, the 
term TMS370Cx4x refers to these devices. TMS370 family provides cost-effective real-time system control 
through integration of advanced peripheral function modules and various on-chip memory configurations. 


The TMS370Cx4x family is implemented using high-performance silicon-gate CMOS EPROM and EEPROM 
technology. The low-operating power, wide-operating temperature range, and noise immunity of CMOS 
technology coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370Cx4x devices attractive in system designs for automotive electronics, industrial motor, computer 
peripheral control, telecommunications, and consumer applications. 


The TMS370Cx4x devices contain the following on-chip peripheral modules: 


@ Eight-channel (for 44 pin device) or four-channel (for 40-pin device) 8-bit analog-to-digital converter 1 


(ADC1) 


Serial communications interface 1 (SCI1) 


Two 16-bit general-purpose timers (one with an 8-bit prescaler) 
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@ One 24-bit general-purpose watchdog timer 


Table 1 provides an overview of the various memory configurations of the TMS370Cx4x devices. 


Table 1. Memory Configurations 
PROGRAM MEMORY (BYTES) | DATA MEMORY (BYTES) PACKAGES 
DEVICE 44 PIN/PLCC/CLCC OR 
ROM EPROM RAM EEPROM | 40 PIN PDIP/CDIP/PSDIP/CSDIP 
FN-PLCC 
TMS370C040A 4K 256 256 N-PDIP 
NJ-PSDIPT 


FN-PLCC 
N-PDIP 
NJ-PSDIPT 


FN-PLCC 
N-PDIP 
NJ-PSDIPT 


FN-PLCC 
N-PDIP 
NJ-PSDIPT 


FZ-CLCC 
JD-CDIP 
JC-CSDIP 
t The NJ designator for the 40-pin plastic shrink DIP package was known formerly as the N2. The mechanical drawing of the NuJ is identical to the 


N2 package and did not need to be requalified. 
+ System evaluators and development tools are for use only in a prototype environment, and their reliability has not been characterized. 


FN-PLCC 
TMS370C042A &K N-PDIP 
NJ-PSDIPT 


The suffix letter (A) appended to the device name (shown in the first column of Table 1) indicates the 
configuration of the device. ROM and EPROM devices have different configurations as indicated in Table 2. 
ROM devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 2. Suffix Letter Configuration 


ROM A Hard 


The 4K bytes and 8K bytes of mask-programmable ROM in the TMS370C040A, TMS370C042A, 
TMS370C340A and TMS370C342A are replaced in the TMS370C742 with 8K bytes of EPROM while all other 
available memory and on-chip peripherals are identical, with the exception of no data EEPROM on the 
TMS370C340A and TMS370C342A devices. The OTP (TMS370C742A) device and the reprogrammable 
device (SE370C742A) are available. 


TMS370C742A (OTP) devices are available in plastic packages. This microcontroller is effective to use for 
immediate production updates for other members of the TMS370Cx4x family or for low-volume production runs 
when the mask charge or cycle time for the low-cost mask ROM devices is not practical. 


Divide-by-4 (standard oscillator) 
or Divide-by-1 (PLL) 


Enabled or disabled 
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description (continued) 


X 


The SE370C742A has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development/prototyping phase of design. The SE370C742A device allows quick updates to 
breadboards and prototype systems while iterating initial designs. 


The TMS370Cx4x family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all central processing unit (CPU) activity (that is, no 
instructions are executed). In the STANDBY mode, the internal oscillator and the general-purpose timer remain 
active. In the HALT mode, all device activity is stopped. The device retains all RAM data and peripheral 
configuration bits throughout both low-power modes. 


The TMS370Cx4x features advanced register-to-register architecture that allows arithmetic and logical 
operations without requiring an accumulator (e.g., ADD R24, R47; add the contents of register 24 to the contents 
of register 47 and store the result in register 47). The TMS370Cx4x family is fully instruction-set-compatible, 
allowing easy transition between members of the TMS370 8-bit microcontroller family. 


The TMS370Cx4x family offers an 8-channel ADC1 with 8-bit accuracy for the 44-pin PLCC packages and also 
offers a 4-channel ADC1 for the 40-pin DIP packages. The 33-us conversion time at 5-MHz SYSCLK and the 
variable sample period, combined with selectable positive reference voltage sources, turn analog signals into 
digital data. 


The serial communications interface 1 (SCI1) module is a built-in serial interface that can be programmed to 
be asynchronous or isosynchronous to give two methods of serial communications. The SCI allows standard 
RS-232-C communications with other common data transmission equipment. The CPU takes no part in serial 
communications except to write data to be transmitted to a register and to read data received from a register. 


The TMS370Cx4x family provides the system designer with very economical, efficient solutions to real-time 
control applications. The TMS370 family extended development system (XDS™) and compact development 
tool (CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370Cx4x into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C languages, and the output code can be generated by the linker. The TMS370 family 
XDS communicates through a standard RS-232-C interface with a personal computer, allowing use of the 
personal computer editors and software utilities already familiar to the designer. The TMS370 family XDS 
emphasizes ease-of-use through extensive use of menus and screen windowing so that a system designer with 
minimal training can begin developing software. Precise real-time in-circuit emulation and extensive symbolic 
debug and analysis tools ensure efficient software and hardware implementation, as well as reduced 
time-to-market cycle. 


The TMS370Cx4x family together with the TMS370 family XDS, CDT370, starter kit, software tools, the 
SE370C742A reprogrammable devices, comprehensive product documentation, and customer support 
provide a complete solution for the needs of the system designer. 


DS and CDT are trademarks of Texas Instruments Incorporated. 
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central processing unit (CPU) 


The CPU used on the TMS370Cx4x device is the high-performance 8-bit TMS370 CPU module. The ’x4x 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’x4x instruction map is shown in Table 17 in the TMS370Cx4x instruction set overview 
section. 


The ’370Cx4x CPU architecture provides the following components: 
@ CPU registers: 
— Astack pointer (SP) that points to the last entry in the memory stack 


—- A status register (ST) that monitors the operation of the instructions and contains the 
global-interrupt-enable bits 


— Aprogram counter (PC) that points to the memory location of the next instruction to be executed 


Figure 1 illustrates the CPU registers and memory blocks. 


15 = Counter 0 


7 Stack Pointer (SP) 0 Legend: 
C=Carry 
N=Negative 
Status Register (S Z=Zero 
(Z |v ea] ies] — V=Overflow 
7 <*@. Bo a - mee ee 8 IE2=Level 2 interrupts Enable 


1Ei=Level 1 interrupts Enable 
RAM (Includes up to 256-Byte Registers File) 


0000h 
256-Byte RAM (0000h-00FFh) 
0001h 


o002h 
0003h Peripheral File 


256-Byte Data EEPROM 
Not Availablet 


007Fh 


8K-Byte ROM/EPROM (6000h-—6FFFh) 


i 4K-Byte ROM (7000h-—7FFFh) 
Interrupts and Reset Vectors; 
Trap Vectors 


OOFFh 


Tt Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


Figure 1. Programmer’s Model 
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central processing unit (CPU) (continued) 


@ Amemory map that includes: 


— 256-byte general-purpose RAM that can be used for data memory storage, program instructions, 
general-purpose registers, or the stack 


— Aperipheral file that provides access to all internal peripheral modules, system-wide control functions 
and EEPROM/EPROM programming control 


— 256-byte EEPROM module that provides in-circuit programmability and data retention in power-off 
conditions 


— 4K- or 8K-byte ROM or 8K-byte EPROM program memory 
stack pointer (SP) 


The SP is an 8-bit CPU register. The stack operates as a last-in, first-out, read/write memory. The stack is used 
typically to store the return address on subroutine calls as well as the status-register contents during interrupt 
sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 
onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 
on-chip RAM memory. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits: 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional jump instructions) use the status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 


The ST register, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Registers 


7 6 5 4 3 2 1 0 
i RS BS EN Oe ee 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
R = read, W = write, 0 = value after reset 


program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most significant byte (MSbyte) and least significant byte (LSbyte) of a 16-bit address. 


The contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter during reset. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
6000h as the contents of memory locations 7FFEh and 7FFFh (reset vector). 
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program counter (PC) (continued) 


Program Counter (PC) 
Memory PCH PCL 


— pies fe Moses 


fii ae 


7FFFh 00 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx4x family architecture is based on the Von Neumann architecture, where the program memory 
and data memory share a common address space. All peripheral input/output is memory mapped in this same 
common address space. As shown in Figure 3, the TMS370Cx4x family provides memory-mapped RAM, ROM, 
data EEPROM, EPROM, input/output pins, peripheral functions, and system interrupt vectors. 


The peripheral file contains all input/output port control, peripheral status and control, EPROM and EEPROM 
memory programming, and system-wide control functions. The peripheral file is located between 1010h and 
107Fh and is logically divided into seven peripheral file frames of 16 bytes each. Each on-chip peripheral is 
assigned to a separate frame through which peripheral control and data information is passed. 
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memory map (continued) 


1000h — 100Fh 
1010h — 101Fh 
1020h — 102Fh 
1030h — 103Fh 


OFFFh Timer 1 Peripheral Control 1040h — 104Fh 
1000h SCI1 Peripheral Control 1050h — 105Fh 
10FFh Timer 2A Peripheral Control 1060h — 106Fh 
1100h 


ADC1 Peripheral Control 


r 
Trap 15-0 


1070h — 107Fh 


1080h — 10FFh 


Not Available 7FCOh — 7FDFh 


7FEOh — 7FEBh 
7FECh — 7FEDh 
7FEEh — 7FEFh 
7FFOh — 7FF1h 
7FF2h — 7FF3h 
7FF4h — 7FF5h 
7FF6h — 7FF7h 
7FF8h — 7FF9h 
7FFAh — 7FFBh 
7FFCh — 7FFDh 
7FFEh — 7FFFh 


Reserved 


8K-Byte ROM or EPROM 
(0000h-7FFFh) 


A-D Converter 1 
Timer 2A 
Serial Comm I/F TX 
Serial Comm I/F RX 


4K-Byte ROM 
(7000h-7FFFh) 


Timer 1 


Reserved 


Not Available 


5 
QO 
re 
fe) 


Figure 3. TMS370Cx4x Memory Map 


RAM/register file (RF) 


Locations within the RAM address space can serve as the RF, general-purpose read/write memory, program 
memory, or the stack instructions. The TMS370Cx4x devices contain 256 bytes of internal RAM memory 
mapped beginning at location 0000h (RO) and continuing through location OOFFh (R255). 


The first two registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 


peripheral file (PF) 


The TMS370Cx4x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decimal designator. For example, the system control register 0 (SCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is P010, and its decimal designator is P16. Table 4 
shows the TMS370Cx4x PF address map. 
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peripheral file (PF) (Continued) 


Table 4. TMS370Cx4x Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


data EEPROM 


The TMS370Cx4x devices, containing 256 bytes of data EEPROM, have memory mapped beginning at location 
1FOOh and continuing through location 1FFFh. Writing to the data EEPROM module is controlled by the data 
EEPROM control register (DEECTL) and the write-protection register (WPR). Programming algorithm 


examples are available in the TMS370 Family User’s Guide (literature number SPNU127) or the TMS370 


Family Data Manual (literature number SPNSO14B). The data EEPROM features include the following: 
@® Programming: 

—  Bit-, byte-, and block-write/erase modes 

— Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the DEECTL located in the PF frame 
beginning at location P01A (see Table 5). 


—  In-circuit programming capability. There is no need to remove the device to program it. 
@ Write protection. Writes to the data EEPROM are disabled during the following conditions. 

— Reset. All programming of the data EEPROM module is halted. 

— Write protection active. There is one write-protect bit per 32-byte EEPROM block. 

— Low-power mode operation 


® Write protection can be overridden by applying 12 V to MC. 


Table 5. Data EEPROM and PROGRAM EPROM Control Register Memory Map 


(“aponess | svwpot [NAME 
ae ee ee 


Tl is a trademark of Texas Instruments Incorporated. 
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program EPROM 


The TMS370C742A device contains 8K bytes of EPROM mapped, beginning at location 6000h and continuing 
through location 7FFFh. Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments (TI™), 
and memory addresses 7FECh through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, used 
with TRAPO through TRAP15 instructions, are located between addresses 7FCOh and 7FDFh. Reading the 
program EPROM modules is identical to reading other internal memory. During programming, the EPROM is 
controlled by the EPROM control register (EPCTL). The program EPROM module features include: 


@ Programming 
—  In-circuit programming capability if Vpp is applied to MC 


— Control register: EPROM programming is controlled by the EPROM control register (EPCTL) located in 
the peripheral file (PF) frame at location PO1C as shown in Table 5. 


@ Write protection: writes to the program EPROM are disabled under the following conditions: 
— Reset: All programming to the EPROM module is halted. 
— Low-power modes 
— 13 V not applied to MC 
program ROM 


The program ROM consists of 4K or 8K bytes of mask-programmable read-only memory. The program ROM 
is used for permanent storage of data or instructions. Memory addresses 7FEOh through 7FEBh are reserved 
for Tl, and memory addresses 7FECh through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, 
used with TRAPO through TRAP15 instructions, are located between addresses 7FCOh and 7FDFh. 
Programming of the mask ROM is performed at the time of device fabrication. 


system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx4x CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
generated internally, while one (RESET pin) is controlled externally. These actions are as follows: 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer timeout . See the TMS370 Family 
User’s Guide (literature number SPNU127) for more information. 


@ Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the TMS370 Family User’s Guide (literature number SPNU127) for more information. 


@ External RESET pin. A low level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 Family User’s Guide (literature number SPNU127) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x4x device to reset external system components. Additionally, if a cold start (Vcc is off 
for several hundred milliseconds) condition or oscillator failure occurs or the RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator-fault flag (OSC FLT FLAG, SCCRO.4), the cold-start flag 
(COLD START, SCCRO.7) and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 6 lists the reset sources. 
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system reset (continued) 


Table 6. Reset Sources 


REGISTER | ADDRESS [PF | BITNO. | CONTROLBT |  SOURCEOFRESET 
[sccro | 1010» | Pow | 4 | OsCrLTFiaG | Oscllator out orange 
[Tera | tosan | Foaa | 5 |  WDOVAFLINTFLAG | Watchdog ter timeout 


Once a reset is activated, the following sequence of events occurs: 

The CPU registers are initialized: ST = OOh, SP = 01h (reset state). 

Registers A and B are initialized to 00h (no other RAM is changed). 

The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


Program execution begins with an opcode fetch from the address pointed to the PC. 


Stops yee! Pee 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


RESET must be held low until the clock signal is valid and Vcc is within the operating range, when an external 
reset circuit is connected to RESET. Figure 4 shows a typical reset circuit. 


Vec To Other Device Resets 


TMS370 


Reset In 


I¢- Reset Out 


Figure 4. Typical Reset Circuit 
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interrupts 


The TMS370 family software-programmable interrupt structure supports flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be independently enabled by the global-interrupt enable bits (IE1 and IE2) 
of the status register. 


EXT INT 3 


EXT INT 2 


TIMER 2A TIMER 1 


Overflow - 
Compare1 iat 
Ext Edge ae 
Compare2 — 


input Capture 1_ _— Input Capture As) 
input Capture 2 _— Watchdog = 


T2A PRI Priority 


Logic 


Level 2 INT 
3 SCI INT : 
T™ RX 


TXPRI XPRI 
od “._ BRKDT 
ane > RXRDY 


Figure 5. Interrupt Control 


Each system interrupt is configured independently on either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is configured selectively on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
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interrupts (continued) 


chains is performed within the peripheral modules to support interrupt expansion to future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370Cx4x has eight hardware system interrupts (plus RESET) as shown in Table 7. Each system 
interrupt has a dedicated interrupt vector located in program memory through which control is passed to the 
interrupt service routines. A system interrupt can have multiple interrupt sources (e.g., SCl RXNT has two 
interrupt sources). All of the interrupt sources are individually maskable by local interrupt-enable control bits in 
the associated peripheral file. Each interrupt source FLAG bit is individually readable for software polling or for 
determining which interrupt source generated the associated system interrupt. 


Five of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are 
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 
control registers in peripheral file frame 1. Each external interrupt is individually software-configurable for input 
polarity (rising or falling) for ease of system interface. External interrupt INT1 is software-configurable as either 
a maskable or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked by the 
individual- or global-enable mask bits. The INT1 NMI bit is protected during non-privileged operation and, 
therefore, should be configured during the initialization sequence following reset. To maximize pin flexibility, 
external interrupts INT2 and INTS3 can be software-configured as general-purpose input/output pins if the 
interrupt function is not required (INT1 can be configured similarly as an input pin). 


Table 7. Hardware System Interrupts 
SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
External RESET COLD START 
Watchdog Overflow WD OVRFL INT FLAG RESET+ 7FFEh, 7FFFh 1 
Oscillator Fault Detect OSC FLT FLAG 


External INT1 INT1 FLAG INT14 og thie. Me Ree See 
External INT2 INT2 FLAG INT2+ 7FFAh, 7FFBh 
External INT3 INTS FLAG INT3t 7FF8h, 7FF9h 


Timer 1 Overflow T1 OVRFL INT FLAG 

Timer 1 Compare 1 TiC1 INT FLAG 

Timer 1 Compare 2 T1C2 INT FLAG 

Timer 1 External Edge T1EDGE INT FLAG THINTS Le Heal SAT 
Timer 1 Input Capture T1IC INT FLAG 

Watchdog Overflow WD OVREL INT FLAG 


SCI RX Data Register Full RXRDY FLAG 
_ SCI RX Break Detect BRKDT FLAG RXINT# 7FF2h, 7FF3h es 
. 


SCI TX Data Register Empty TXRDY FLAG TXINT 7FFOh, 7FF1h 


T2A OVRFL INT FLAG 
T2AC1 INT FLAG 
T2AC2 INT FLAG 
T2AEDGE INT FLAG 


Timer 2A Overflow 
Timer 2A Compare 1 
Timer 2A Compare 2 
Timer 2A External Edge 
Timer 2A Input Capture 1 T2AIC1 INT FLAG 
Timer 2A Input Capture 2 T2AIC2 INT FLAG 


A-D Conversion Complete AD INT FLAG 


T Relative priority within an interrupt level. 
+ Releases microcontroller from STANDBY and HALT low-power modes. 
§ Releases microcontroller from STANDBY low-power mode. 


T2AINT 7FEEh, 7FEFh 


7FECh, 7FEDh 
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privileged operation and EEPROM write-protection override 


The TMS370Cx4x family has significant flexibility to enable the designer to software-configure the system and 
peripherals to meet the requirements of a broad variety of applications. The nonprivileged mode of operation 
ensures the integrity of the system configuration, once defined for an end application. Following a hardware 
reset, the TMS370Cx4x operates in the privileged mode, where all peripheral file registers have unrestricted 
read/write access and the application program configures the system during the initialization sequence 
following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is set to 1, 
entering the nonprivileged mode and disabling write operations to specific configuration control bits within the 
peripheral file. The system-configuration bits listed in Table 8 are write-protected during the nonprivileged mode 
and must be configured by software prior to exiting the privileged mode. 


Table 8. Privilege Bits 


a CONTROL BIT 
| NAME _|___LOCATION 
P010.5 PF AUTO WAIT 
sects P010.6 OSC POWER 
SCCRI P011.2 MEMORY DISABLE 
P011.4 AUTOWAIT DISABLE 


PRIVILEGE DISABLE 
INT1 NMI 
CPU STEST 
SCCR2 BUS STEST 
PWRDWNIIDLE 
HALT/STANDBY 
SCI ESPEN 
SCI RX PRIORITY 
SCIPRI SCI TX PRIORITY 
SCI STEST 
PO4F.6 T1 PRIORITY 
TIPRI PO4E7 T1 STEST 
PO6F.6 T2A PRIORITY 
T2APRI PO6E7 T2A STEST 
PO7F5 AD ESPEN 
ADPRI PO7F6 AD PRIORITY 
PO7F7 AD STEST 


Tt The privileged bits are shown in a bold typeface in the peripheral file frames of the 
following sections. 


The WPO mode provides an external hardware method for overriding the write protection registers (WPR) of 
data EEPROM on the TMS370Cx4x. Applying a 12-V input to the MC pin after the RESET pin input goes high 
causes the device to enter WPO mode. The high voltage on the MC pin during the WPO mode is not the 
programming voltage for the data EEPROM or program EPROM. All EEPROM programming voltages are 
generated on-chip. The WPO mode provides hardware system level capability to modify the content of data 
EEPROM while the device remains in the application but only while requiring a 12-V external input on the MC 
pin (normally not available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370Cx4x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time the mask is manufactured. 
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low-power and IDLE modes (continued) 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the ID_E instruction when the PWRDWW/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls which low-power mode is entered. 


In the STANDBY mode (HALT/STANDBY = 0 ), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, Timer 1, and the receive start-bit-detection circuit of the SCI1 remain 
active. System processing is suspended until a qualified interrupt (hardware RESET, external interrupt on INT1, 
INT2, INT3, Timer 1 interrupt, or a low level on the receive pin of the serial communications interface 1) is 
detected. 


In the HALT mode (HALT/STANDBY=1 ), the TMS370Cx4x is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET external interrupt on INT1, INT2, INT3, or low level on 
the receive pin of the SCI1) is detected. The power-down mode selection bits are sumarized in Table 9. 


Table 9. Low-Power/Idle Control Bits 


POWER-DOWN CONTROL BITS 
MODE SELECTED 


(SC(CR2.6) (SCCR2.7) 
Ma Oko Seek ES CE ee 
a ene ee a 
MES FL Eee Ee 


X = don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an idle instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is automatically enabled 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI is always generated, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (stack pointer, program counter, and status register), I/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU-instruction processing is stopped during the 
STANDBY and HALT modes, the clocking of the WD timer is inhibited. 


clock modules 


The ’x4x family provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 microcontroller. The ’x4x ROM-masked devices offer both options to meet 
system engineering requirements. Only one of the two clock options is allowed on each ROM device. The ’742A 
EPROM has only the divide-by-4. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 clock module option provides a one-to-one match of the external resonator frequency (CLKIN) 
to the internal system clock (SYSCLK) frequency. The divide-by-4 option produces a SYSCLK which is 
one-fourth of the frequency of the external resonator. Inside of the divide-by-1 module, the frequency of the 
external resonator is multiplied by four, and the clock module then divides the resulting signal by four to provide 
the four-phased internal system clock signals. The resulting SYSCLK is equal to the resonator frequency. 
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clock modules (continued) 
These are formulated as follows: 


Divide-by-4 : SYSCLK = 2Xt2mal resonator frequency _ CLKIN 
external resonator frequency x 4 
4 


The main advantage of choosing a divide-by-1 oscillator is the reduction of EMI. The harmonics of low-speed 
resonators extend through less of the emissions spectrum than the harmonics of faster resonators. The 
divide-by-1 option provides the capability of reducing the resonator speed by four times, resulting in a steeper 
decay of emissions produced by the oscillator. 


Divide-by-1 : SYSCLK = = CLKIN 


system configuration registers 


Table 10 contains system configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in a bold typeface. 


Table 10. Peripheral File Frame 1: System Configuration Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 


| OSC FLT MC PIN MC PIN uP/uC 


PF 


P010 


PO11 


PO12 | | 


INT1 INT1 INT1 ey INT1 
FLAG PIN DATA POLARITY ey ENABLE 
INT2 INT2 ae INT2 INT2 INT2 INT2.- 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY PRIORITY ENABLE 
INT3 INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY PRIORITY ENABLE 

et ee fo | ee or a ee ee 


Pa [eee See eee eee 


P013 
to 
P016 


PO17 INT1 


P018 INT2 


P019 


PO1A 
PO1B 
P01C 


PO1D 
PO1E 
POIF 
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digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 11 and Table 12 
detail the specific addresses, registers, and control bits within the peripheral file frame. 


Table 11. Peripheral File Frame 2: Digital Port Control Registers 


REG 


Reserved 


ee ee ee ee ee eee 
ere Re eee ae es Rs a ee 
aRicetsaaih: Galt Del ak aedadho Matic hie Wiitoentas DeanEMe ee oe ARERR 


BPORT1 
BPORT2 
BDATA 
BDIR 


DPORT1 
DPORT2 
DDATA 
DDIR 


Port DD Direction 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


Table 12. Port Configuration Register Setup 


abcd abcd 
00q1 00y0 


Data Out q Data In y 


a= Port x Control Register 1 
b = Port x Control Register 2 
c = Data 
d = Direction 
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timer 1 module 


The programmable Timer 1 (T1) module of the TMS370Cx4x provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers, T1 and WD, allow program selection of input clock 
sources (real-time, external event, or pulse accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The T1 module includes three external device pins that can be used 
for multiple counter functions (operation-mode dependent), or used as general-purpose I/O pins. The T1 
module block diagram is shown in Figure 6. 


Edge 16-Bit 
Select Capt/Comp 


Register 


16-Bit amass : 
Counter ——r—“—E 


Register 


Prescaler 
Interrupt 
‘ Logic 
16-Bit 
Watchdog Counter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins 
— T1IC/CR: T1 input capture / counter-reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: T1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: T1 event input pin, or general-purpose bidirectional 1/O pin 
@ Two operational modes: 
— Dual-compare mode: Provides PWM signal 
— Capture/compare mode: Provides input capture pin 
@ One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register. 


@ One 16-bit WD counter can be used as an event counter, a pulse accumulator, or an interval timer if WD 
feature is not needed. 


@ Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 
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timer 1 module (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1!IC/CR) 


® interrupts that can be generated on the occurrence of: 


A capture 


A compare equal 


A counter overflow 
— Anexternal edge detection 
@ Sixteen T1 module control registers located in the PF frame, beginning at address P040 


The T1 module control registers are illustrated in Table 13. 
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timer 1 module (continued) 


Table 13. Timer 1 Module Registers Memory Mapt 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
Modes: Dual-Compare and Capture/Compare 
P0O40 | Bit 15 T1 Counter MSB Bit 8 
TICNTR 
P041 | Bit7 T1 Counter LSB Bit 0 
P042 | Bit 15 Compare Register MSB Bit 8 aye 
P043 | Bit7 Compare Register LSB Bit 0 
P044 | Bit 15 Capture/Compare Register MSB Bit 8 Tine 
P045 | Bit7 Capture/Compare Register LSB Bit 0 
PO46 | Bit 15 Watchdog Counter MSB Bit 8 
WDCNTR 
P047 | Bit7 Watchdog Counter LSB Bit O 
P048 Bit 7 Watchdog Reset Key Bit 0 WDRST 
po4g WD OVRFL WD INPUT WD INPUT WD INPUT T1INPUT T1INPUT T1INPUT TICTLI 
TAP SELT | SELECT2T | SELECTiT | SELECTot SELECT2 | SELECT1 SELECTO 
PO4A WD OVRFL | WDOVRFL | WD OVRFL T1 OVRFL T1 OVRFL T1 SW TICTL2 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 
Mode: Dual-Compare 
T1EDGE T1C2 T1C01 T1EDGE T1C2 T1C1 
PO4B) INTFLAG | INTFLAG | INTFLAG p saarral faves +. INTENA | INTENA | inTeENA | /ICTLS 
PO4C T1 T1C1 T1C2 T1C1 T1CR T1EDGE TiCR T1EDGE TiCTL4 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Capture/Compare 
TIEDGE T1C1 T1EDGE T1C1 
T1 T1C1 T1C1 TIEDGE T1EDGE 
PO4C | MODE=1 | OUTENA feet RST ENA | POLARITY —_ pevena 1 tT 


Modes: Dual-Compare and Capture/Compare 


TIEVT TIEVT TIEVT TIEVT 
pose | TIPWM TIPWM T1PWM TiPWM =| THIC/CR | TIIC/CR | TIIC/CR | TIICCR | 1.1, 
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION | DATADIR 


T Once the WD OVREL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 
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timer 1 module (continued) 


Figure 7 shows the T1 dual-compare mode block diagram. The annotations on the diagram identify the register 
and the bits in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, inthe T1CTL2 


register. 
T1CC.15-0 


16-Bit jsp] |T1C2INT FLAG 


Sots reg “Rasen MO Output 
Source 7 pocaee 
O- ¢ 


a 
T1C2 OUT ENA 


T1CTL4.6 


T1C2 INT ENA 


TIGNTR.ASD 
LSB 16-Bit ae s 
MSB Counter a 


‘ Reset 
T1C1 & 
T1 SW RST ENA 


T1C1 INT FLAG TIPWM 


T1CTL3.0 


Toggle 


© elie 
T1C1 OUT ENA 


T1C.15-0) 4 TICTL4.3 
RESET 16-bit re T1C1 INT ENA 
TICTL2.0 TICTLA.4 Compare TiCR OUT ENA 
Rea Register MSB 
0 0 T1 OVRFEL INT FLAG 
T1CTL4.1 TICTL2.3 
TICR 


T1CTL2.4 


T1 OVREFL INT ENA 


1 
T1PC2.3-0 RST ENA 


T1C7TL4.0 T1EDGE INT FLAG 


TIEDGE DET ENA T1ICTL3.7 
T1CTL4.2 


T1EDGE POLARITY TICTL3.2 


T1EDGE INT ENA 


Figure 7. Timer 1: Dual-Compare Mode 
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timer 1 module (continued) 


Figure 8 shows the T1 capture/compare mode block diagram. The annotations on the diagram identify the 
register and the bits in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in 


the Ti1CTL2 register. 


capticomp LSB T1C1 
goveny Register MSB OUT ENA | , |( T1PC2.7-4 
Source TiCiEes Hy <T1PWM> 
- 
TICNTR. 15-0 
LSB 16-Bit 


MSB Counter 


T1C1 INT FLAG 


T1C1 INT ENA 


16-Bit LSB 
Compare 
Register MSB 


T1 OVREL INT FLAG 


(TeTL23)-c 


T1 OVRFL INT ENA 


TIEDGE INT FLAG 


T1CTL4.0 


T1PC2.3-0 
TIEDGE DET ENA 


Edge 
Select 


T1EDGE INT ENA 


T1EDGE POLARITY 


Figure 8. Timer 1: Capture/Compare Mode 
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timer 1 module (continued) 


The TMS370Cx4x device includes a 24-bit WD timer, contained in the T1 module, which can be programmed 
as an event counter, pulse accumulator, or interval timer if the WD function is not used. The WD function is to 
monitor software and hardware operation and to implement a system reset when the WD counter is not properly 
serviced (WD counter overflow or WD counter is re-initialized by an incorrect value). The WD can be configured 
as one of three mask options as follows: 


@ Standard WD configuration (see Figure 9) for’C742A EPROM and mask-ROM devices: 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


—- AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written 


— Generates a system reset if an incorrect value is written to the WD reset key or if the counter 
overflows 


—- AWD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator, or an interval timer 


16-Bit wo TICTL2.6 
Watchdog Counter INT FLAG 
TICTL2.5 CO) O——————_ Interrupt 
Rares WD OVRFL 
= INT ENA 
Clock 
Prescaler GE se TS TICTLO7 
WD OVRFL 
TAP SEL O O————— System Reset 
WD OVRFL 
Watchdog Reset Key RST ENA 
WDRST.7-0 


Figure 9. Standard Watchdog 
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timer 1 module (continued) 
@ Hard watchdog configuration (see Figure 10) for mask-ROM devices only: 
— Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


— AWD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


— Generates a system reset if an incorrect value is written to the WDRST or if the counter overflows 


— AWD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a system 
reset 


— Automatic activation of the WD timer upon power-up reset 


— INT1 is enabled as a nonmaskable interrupt during low power modes. 


WDCNTR.15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter TICTL2.5 


Clock 
Prescaler T1ICTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 
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timer 1 module (continued) 


@ Simple counter configuration (see Figure 11) for mask-ROM devices only 


— Simple counter can be configured as an event counter, pulse accumulator, or an internal timer. 


WDCN7R.15-0 


16-\3it WD OVFL a 
; 
Watchdog Counter INT FLAG C_TicTl26 _) 
TICTL2.5 O—————__ Interrupt 


WD OVRFL 
INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 
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timer 2A module 


The 16-bit general-purpose timer 2A (T2A) module is composed of a 16-bit resettable counter, 16-bit compare 
register with associated compare logic, 16-bit capture register, and a 16-bit register that functions as a capture 
register in one mode and as a compare register in the other mode. The T2A module adds an additional timer 
that provides an event count, input capture, and compare function. The T2A module includes three external 
device pins that can be dedicated as timer functions or used as general-purpose I/O pins. The T2A module is 
shown in Figure 12. 


(Dual-Capture Mode) 


Edge 
16-Bit 
Capt/Comp 
Register 


Detect 


16-Bit 
Capture 
Register 


(Dual-Compare Mode) 


Clock 16-Bit 16-Bit 
Select Counter Compare 
Register 


Figure 12. Timer 2A Module Block Diagram 


The T2A module features include the following: 


Three T2A I/O pins: 
— T2AIC1/CR: T2A input-capture 1/counter-reset input pin, or general-purpose bidirectional I/O pin 


— T2AIC2/PWM: T2A input-capture 2/pulse-width-modulation (PWM) output pin, or general-purpose 
bidirectional I/O pin 


— T2AEVT: Timer 2A event-input pin, or general-purpose bidirectional I/O pin 
Two operational modes: 

— Dual-compare mode: Provides PWM signal 

— Dual-capture mode: Provides input-capture pin 

One 16-bit general-purpose resettable counter 

One 16-bit compare register with associated compare logic 

One 16-bit capture register with associated capture logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register 
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timer 2A module (continued) 


@ 712A clock sources can be any of the following: 
— System clock 
— Noclock (the counter is stopped) 
— &xternal clock synchronized to the system clock (event counter) 
— System clock while external input is high (pulse accumulation) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T2AIC1/CR) 


@ Interrupts that can be generated on the occurrence of: 
— Acompare equal to dedicated-compare register 
— Acompare equal to capture-compare register 
— Acounter overflow 
— Anexternal edge 1 detection 
— Anexternal edge 2 detection 


@ Fourteen T2A module-control registers: Located in the PF frame beginning at address PO60 
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timer 2A module (continued) 


The T2A module-control registers are shown in Table 14. 


Table 14. T2A Module Register Memory Mapt 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Modes: Dual-Compare and Dual-Capture 
Bit 15 T2A Counter MSB Bit 8 
Bit 7 T2A Counter LSB Bit 0 
Bit 15 Compare Register MSB Bit 8 
Bit 7 Compare Register LSB Bit 0 
Bit 15 Capture/Compare Register MSB Bit 8 
Bit 7 Capture/Compare Register LSB Bit 0 
Bit 15 Capture Register 2 MSB Bit 8 
Bit 7 Capture Register 2 LSB Bit 0 


PF REG 


PO60 
P061 
PO62 
P063 
P064 
PO65 
PO66 
P067 


P068 
PO69 


T2ACNTR 


T2AC 


T2ACC 


T2AIC 


Reserved 


T2A OVRFL | T2A OVRFL | T2A INPUT | T2A INPUT T2A 
INT ENA INT FLAG SELECT1 SELECTO | SW RESET 
Mode: Dual-Compare 
T2AEDGE1 T2AC2 T2AC1 T2AEDGE1 T2AC2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AC1 T2AC1 T2AEDGE1 | T2AEDGE1 | T2ZAEDGE1 | T2AEDGE1 
MODE = 0 OUT ENA OUT ENA RST ENA OUTENA | POLARITY | RSTENA DET ENA 
Mode: Dual-Capture 
T2AEDGE1 T2AEDGE2 T2AC1 T2AEDGE1 | T2ZAEDGE2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AEDGE2 | T2AEDGE1 | TZAEDGE2 | T2AEDGE1 
MODE = 1 RST ENA POLARITY | POLARITY | DETENA DET ENA 
Modes: Dual-Compare and Dual-Capture 
T2AEVT T2AEVT T2AEVT T2AEVT 
DATA IN DATA OUT | FUNCTION | DATADIR 
T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION | DATA DIR 


tT Privileged bits are shown in bold typeface. 


PO6A T2ACTL1 


PO6B T2ACTL2 


PO6C T2ACTL3 


PO6B T2ACTL2 


PO6C T2ACTL3 


PO6D T2APC1 


PO6E T2APC2 


PO6F T2APRI 
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timer 2A module (continued) 
The T2A dual-compare mode block diagram is illustrated in Figure 13. The annotations on the diagram identify 


the register and the bit(s) in the peripheral frame. For example, the actual address of TZACTL2.0 is 106Bh, 
bit 0, in the T2ZACTL2 register. 


T2ACC.15-0 


16-Bit 
Capt/Comp LSB 
Clock Register__MSB} [T2AC2 INT FLAG poe 
Source | T2ACTL2.6}—O- 0 
- T2ACTL2.1 T2ACTL3.5 
T2ACNTR.15-0 moose ig V4 
€ T2APC2.7-4 
LSB 16-Bit T2AC2 OUTENA| | 
MSB Counter T2AC1 INT FLAG T2ACTL3.6 | D <T2A1C2/PWM> 
ommie e 
Reset ATED T2AC1 OUT ENA 
. GB T2ACTL3.3 
T2A SW ToAcs |Wene Ee T2AC1 INT ENA Crzacriss ) 
ee aot ee 16-Bit LSB te 
T2ACTL1.0 T2ACTL3.4 Compare T2AEDGE1 
O™~o Register MSB OUT ENA 
O T2A OVREL INT FLAG 
T2ACTL3.1 
fat TOACTETA 
T2APC2.3-0 — T2A OVRFL INT ENA 
akaot v SOR PRIONNY 
T2ACTL3.0 (T2APRI6) -0 {Levelt int 
T2AEDGE1 DET ENA OLE 


T2ACTL3.2 
T2AEDGE1 POLARITY 


T2ACTL2.2 


T2AEDGE1 INT ENA 


Figure 13. Timer 2A: Dual-Compare Mode 
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timer 2A module (continued) 


The T2A dual-capture mode block diagram is illustrated in Figure 14. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of TZACTL2.0 is 106Bh, 


bit 0, in the T2ZACTL2 register. 


T2ACC.15-0 T2AIC.15—0 


16-Bit 16-Bit 
Capt/Comp LSB Capture 


LSB 
ea Registeri1 MSB Register2 MSB 
( T2ACNTR.15-0 ) | 


LSBs 46-Bit 
MsB- Counter 


1 


cc 


Reset 
T2AC. 15—0 ‘ 
T2A SW a 
RESET T2AC Compare LSB 
T2ACTL1.0 RST ENA Register MSB 
e @ 
T2ACTL3.4 


T2ACTL3.0 


T2AEDGE1 DET ENA 


T2APC2.3-0 
Edge a ee 
<CT2AIC1/CR >] Select T2ACTL3.2 


 T2A PRIORITY 


T2APRIG ee 


T2AC1 INT FLAG 


T2AEDGE1 POLARITY SACTLL? 
T2APC2.7—4 
Edge 2 See. . 
<T2alc2Pww>| Select TOACTLOS T2AEDGE2 DET ENA ST TTEX, 
T2AEDGE2 POLARITY T2AEDGE2 INT ENA 


Figure 14. Timer 2A: Dual-Capture Mode 
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serial communications interface 1 (SCI1) 


The TMS370Cx4x devices include a serial communications interface 1 (SCI1) module. The SCI1 module 
supports digital communications between the TMS370 devices and other asynchronous peripherals and uses 
the standard non return-to-zero format (NRZ) format. The SCI1’s receiver and transmitter are double buffered, 
and each has its own separate enable and interrupt bits. Both can be operated independently or simultaneously 
in the full duplex mode. To ensure data integrity, the SCl1 checks received data for break detection, parity, 
overrun, and framing errors. The bit rate (baud) is programmable to over 65,000 different rates through a 16-bit 
baud-select register. 


Features of the SCI1 module include: 


Three external pins: 

— SCITXD: SCI transmit-output pin or general purpose bidirectional I/O pin. 

— SCIRXD: SCI receive-input pin or general purpose bidirectional I/O pin. 

— SCICLK: SCI bidirectional serial-clock pin, or general-purpose bidirectional |/O pin. 
Two communications modes: asynchronous and isosynchronous 

Baud rate: 64K different programmable rates 


— Asynchronous mode: 3 bps to 156K bps at 5 MHz SYSCLK 


SeGRa 09 nee 
(BAUD REG + 1) x 32 


— lsosynchronous mode: 39 bps to 2.5 Mbps at 5 MHz SYSCLK 


Bra eee bic 1 
(BAUD REG + 1) x 2 


Asynchronous Baud = 


Isosynchronous Baud = 


Data word format: 
One start bit 


Data word length programmable from one to eight bits 


Optional even/odd/no parity bit 

— One or two stop bits 

Four error-detection flags: parity, overrun, framing, and break detection 
Two wake-up multiprocessor modes: Idle-line and address bit 

Half or full-duplex operation 

Double-buffered receiver and transmitter operations 


Transmitter and receiver operations can be accomplished through either interrupt-driven or 
polled-algorithms with status flags: 


— Transmitter: TXRDY flag (transmitter buffer register is ready to receive another character) and TX 
EMPTY flag (Transmitter shift register is empty) 


— Receiver: RXRDY flag (receive buffer register ready to receive another character), BRKDT flag (break 
condition occurred), and RX ERROR monitoring four interrupt conditions 


— Separate enable bits for transmitter and receiver interrupts 
— NR2Z (non return-to-zero) format 


Eleven SCl1 module control registers, located in control register frame beginning at address PO50h 
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serial communications interface 1 (SCI1) (continued) 


Table 15 lists the SCI1 module control registers. 


Table 15. SCI1 Module Control Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O REG 
EVEN/ODD PARITY ASYNC/ ADDRESS/ 
STOP BITS PARITY ENABLE ISOSYNC. | IDLE WUP SCI CHAR2 | SCI CHAR1 | SCI CHARO | SCICCR 
SCI SW 
CLOCK TXWAKE SLEEP TXENA RXENA SCICTL 
RESET 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUDO 
BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 (LSB) 
' SCI TX 
RX SCI RX 


PF 


P050 


P051 


P0Q52 BAUD MSB 


P053 BAUD LSB 


P054 TXCTL 


P055 RXCTL 
P056 Reserved 

P057 RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO RXBUF 
P058 RESERVED 

P0059 TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO TXBUF 
PO5A 

PO5B Reserved 


PO5C 


PO5D SCIPC1 


SCICLK SCICLK SCICLK SCICLK 

DATA IN DATA OUT | FUNCTION | DATA DIR 
SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION | DATA DIR 


PO5E SCIPC2 


POSF SCIPRI 
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serial communications interface 1 (SCI1) (continued) 


Figure 15 shows the SCI1 module block diagram. 


Frame Format and Mode TXWAKE INBURE 2 


SCICTL.3 
PARITY (SCICTL.3) Transmit Data SCI TX Interrupt 
EVEN/ODD ENABLE Buffer Reg. 


peuepes. o> ________<“"scrnmo > 


BAUD MSB. 7-0 
Baud Rate 
MSbyte Reg. 
BAUD LSB. 7-0 


Baud Rate 
LSbyte Reg. 


O) 


ae Uv 
RXSHF Reg. i al 


SCI RX Interrupt 


RXWAKE 


RXCTL.1 O % 
E 


(SCIPRI5 ) 


Receive Data 
Buffer Reg. 


RXBUF.7-0 


Figure 15. SCI1 Block Diagram 


sa TEXAS 
INSTRUMENTS 


9-36 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx4x 
8-BIT MICROCONTROLLERS 


SPNS016B — NOVEMBER 1992 — REVISED MARCH 1996 


analog-to-digital converter 1 (ADC1) module 


The analog-to-digital converter 1 (ADC1) module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has eight multiplexed analog input channels for the 44-pin device and 
four multiplexed analog input channels for the 40-pin device that allow the processor to convert the voltage 
levels from up to eight different sources. The ADC1 module features include the following: 


@ Minimum conversion time: 32.8 us at 5-MHz SYSCLK 


® Up to ten external pins: 


— Four (AN2, ANS, AN6, AN7) or eight (ANO-AN7) analog input channels, any of which can be software 
configured as digital inputs (E2, E3, E6, E7) or (EO—E7), respectively, if not needed as analog channels 


— _AN1-—AN7 can also be configured as positive-input voltage reference. 
— Vocg3: ADC1 module high-voltage reference input 
- Vgs3: ADC1 module low-voltage reference input 
@ The ADDATA register, which contains the digital result of the last A/D conversion 
@ A/D operations can be accomplished through either interrupt driven or polled algorithms. 
@® Six ADC1 module control registers are located in the control-register frame beginning at address 1070h. 


The ADC1 module control registers are illustrated in Table 16. 


Table 16. ADC1 Module Control Register Memory Mapt 


CONVERT | SAMPLE | REF VOLT | REFVOLT | REFVOLT | ADINPUT | ADINPUT | AD INPUT 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 


REG 


ADCTL 


P070 
AD INT AD INT 

P072 A-to-D Conversion Data Register ADDATA 
P073 

to Reserved 
PO7C 
P0O7D Port E Data Input Register ADIN 
PO7E Port E Input Enable Register ADENA 


T Privileged bits are shown in bold typeface. 
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analog-to-digital converter 1 (ADC1) module (continued) 


The ADC1 module block diagram is illustrated in Figure 16. 


Port E Input Bi RN ae 
NENA hag | Port E Data | 


o\Canmo)| rayajo. SAMPLE CONVERT 


START START 
ADCTL.2-0 ADCTL.6 ADCTL.7 


| 
Port E Input | 


ENA 1 Beit “ney , AD INPUT SELECT 
(Caomar 
aa Cams) 
S 
Port El t 
EN Ae a | = — | 
leggy 
| 
C) 
a El 
os ge | Port E Data 


| 
AN3 | 
| 
| 


| 


Bir Mb ai | Port E Data | 
ADENA.4 , eae | 
O-{ ADIN.4 ) 
| 
| AN4 > O . | | ADDATA.7-0 
Port E Input 
ENA 5 | fae "age A-to-D 


Conversion 


| 
| 
| 
| Data Register 


| 


Port E Input 


ENA6 : Port E Data AD READY 


ADSTAT.2 


ADENA.6 


ADCTL.5-3 


| 


Port E Input 
ENA7 


ADENA.7 


Port E Data | 
AN 7 


ADPRI.6 


* 
2 " . . eee 


AD INT FLAG 


AD INT ENA 


ic 


Figure 16. ADC1 Converter Block Diagram 
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instruction set overview 


Table 17 provides an opcode-to-instruction cross-reference of all 73 instructions and 274 opcodes of the 
‘370Cx4x instruction set. The numbers at the top of this table represent the most significant nibble (MSN) of the 
opcode while the numbers at the left side of the table represent the least significant nibble (LSN). The 
instructions for these two opcode nibbles contain the mnemonic, operands, and byte/cycle particular to that 
opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 


wy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 9-39 


Ov-6 


Evyl-LS2ZZ SWX3L ‘NOLSNOH e€ryl XO 30IS4O 1SOd 


: 


SVX4I ty 


SLNAWNALSN 


Zor 


0 1 


MOV 
Rs,A 
2/7 


AND 
Rs,A 
2/7 


OR 
Rs.A 
2/7 


XOR 
Rs,A 
2/7 


BTJO 
Rs,A,ra 
3/9 


BTJZ 
Rs.,A,ra 


Rss] SF 


c. 
N 


ra 
2/5 
JC 
ra 
2/5 
JP 
ra 
2/5 
JPZ 
ra 
2/5 
JNZ 
ra 
2/5 


ee 
r-< 
oO 


ADD 


Sse] SaeiSa 


SUB 
Rs,A 
2/7 


SBB 
Rs,A 


T All conditional jumps (opcodes 01-—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


Table 17. TMS370 Family Opcode/Instruction Mapt 


#n,Rd,ra 
4/10 


BTJZ 
#n,Rd,ra 
4/10 


instructions have a relative address as the last operand. 


#n,Pd,ra 
4/11 


MOVW 
#16[B),Rpd 
4/15 


MOV 
“lab[B],A 
3/12 


MOV 
#ra[SP],A 
2/7 


MOV 
A,*ra[SP] 
2/7 


XCHB A/ 
TSTB 
1/10 


9661 HOYVW G3SSIASY — 2661 YASWSAON — G9L0SNdS 


XpXQ0ZESWL 


SYA TIOULNOOOUOIW LI8-8 


€vyl-1S2Z2 SVX3L ‘NOLSNOH e€¢rl XOE 30Id4O LSOd 


Lv-6 


I 


SVXAL gh 


SLINAWNYLSN 


Zor 


Table 17. TMS370 Family Opcode/Instruction Mapt (Continued) 


Indirect addressing operand prefix 

Direct addressing operand prefix 
immediate operand 

immediate 16-bit number 

16-label 

immediate 8-bit number 

Peripheral register containing destination type 
Peripheral register 

Peripheral register containing source byte 
Relative address 

Register containing destination type 
Register file 

Register pair 

Destination register pair 

Source Register pair 

Register containing source byte 


5 


6 


7 


BR 
lab 
3/9 


CMP 
& lab,A 
3/11 


CALL 
lab 
3/13 


CALLR 


9 A B 
BR RR 
*Rp A 
2/8 1/8 


CMP CMP 
*Rp,A *lab[B],A 
2/10 3/13 
CALL CALL 
*Rp *lab[B] 
2/12 3/15 


CALLR 


RRC 
A 
1/8 
RL 
A 
1/8 
RLC 
A 
1/8 


Second byte of two-byte instructions (F4xx): 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


T All conditional jumps (opcodes 01-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. 
instructions have a relative address as the last operand. 


The BTJO, BTJZ, and DJNZ 
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development system support 


The TMS370 family developrnent support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator (XDS/22), compact development tool (CDT) and an EERPROM/UVEPROM programmer. 


@ Assembler/linker (Part No. TMDS3740850-02 for PC) 


Includes extensive macro capability 
Provides high-speed operation 


Offers format conversion utilities available for popular formats 


@ ANSI C compiler (Part No. TMDS3740855-02 for PC, Part No. TMDS3740555-09 for HP700™, Sun-3™ 
or Sun-4™) 


Generates assembly code of the TMS370 that can be inspected easily 

Improves code execution speed and reduces code size with optional optimizer pass 

Enables the user to directly reference the TMS370’s port registers by using a naming convention 
Provides flexibility in specifying the storage for data objects 

Interfaces C functions and assembly functions easily 


Includes assembler and linker 


@ CDT370 (compact development tool) real-time in-circuit emulation 


Base (Part Number EDSCDT370 — for PC, requires cable) 

— Cable for 44-pin PLCC (Part No. EDSTRG44PLCC) 

— Cable for 40-pin DIP (Part No. EDSTRG4ODIL) 

— Cable for 40-pin SDIP (Part No. EDSTRG40SDIL) 

Provides EEPROM and EPROM programming support 

Allows inspection and modification of memory locations 

Allows uploading anddownloading of program and data memory 
Provides capability to execute programs and software routines 
Includes 1024-sample trace buffer 

Includes single-step executable instructions 


Allows uses of software breakpoints to halt program execution at selected address 


@ XDS/22 (extended development support) in-circuit emulator 


Base (Part No. TMDS3762210 For PC, requires cable) 
— Cable for 44-pin PLCC, 40-pin DIP, or shrink DIP (Part No. TMDS3788844) 


Contains all the features of the CDT370 described above but does not have the capability to program 
the data EEPROM and program EPROM 


Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace 
samples with symbolic disassembly 


Allows breakpoints to be qualified by address and/or data on any type of memory acquisition. Up to four 
levels of events can be combined to cause a breakpoint. 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 
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development system support (continued) 


— Provides timers for analyzing total and average time in routines 


— Contains an eight-line logic probe for adding external signal visibility to the breakpoint qualifier and 
to the trace display 
@® Microcontroller programmer 
— Base (Part No. TMDS3760500A — For PC, requires programming head) 
— Single unit head for 44-pin PLCC (Part No. TMDS3780510A) 
— Single unit head for 40-pin DIP or shrink DIP (Part No. TMDS3780511A) 
— PC-based, window/function-key oriented user interface for ease of use and a rapid learning 
environment 
@ Starter kit (Part No. TMDX37000 — For PC) 
— Includes TMS370 Assembler diskette and documentation 
- Includes TMS370 Simulator 
— Includes programming adapter board and programming software 


— Does not include — (to be supplied by the user): 
— +5 V power supply 
ZIF sockets 
9-pin RS-232 cable 
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device numbering conventions 


Figure 17 illustrates the numbering and symbol nomenclature for the TMS370Cx4x family. 


TS 370 C 3 4 0 A FNL 


eieaeee Prefix: 
Bi Sms — 
Technology: 

e Pas oP Program Memory Types: 
ALE Device Type: 
lil Memory Size: 


Temperature Ranges: 


Packages: 


ROM and EPROM Option: 


Standard prefix for fully qualified devices 
System evaluator (window EPROM) that is used for 
prototyping purpose. 


TMS370 8-Bit Microcontroller Family 
CMOS 


Mask ROM 
Mask ROM, No Data EEPROM 
EPROM 


x4x devices containing the following modules: 
— Timer 1 

— Timer 2A 

— Serial Communications Interface 1 

— Analog-to-Digital Converter 1 


4K bytes 
8K bytes 


-40°Cto 85°C 
o°Cto 70°C 
-40°Cto 105°C 


Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 
Ceramic Shrink Dual-In-Line 
Ceramic Dual-in-Line 

Plastic Dual-In-Line 

Plastic Shrink Dual-In-Line 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 

— A standard watchdog 

— A hard watchdog 

— A simple watchdog 

The clock can be either: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power modes can be either: 

— Enabled 

— Disabled 

For EPROM device, a standard watchdog, a divide-by-4 
clock, and low-power modes are enabled 


Figure 17. TMS370Cx4x Family Nomenclature 
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device part numbers 


Table 18 lists all the ‘x4x devices available at present. The device part-number nomenclature is designed to 
assist ordering. Upon ordering, the customer must specify not only the device part number, but also the clock 
and watchdog timer options desired. Each device can have only one of the possible three watchdog timer 
options and one of the two clock options. The options to be specified pertain solely to orders involving ROM 
devices. 


Table 18. Device Part Numbers 


DEVICE PART NUMBERS DEVICE PART NUMBERS DEVICE PART NUMBERS 
FOR 44 PINS (LCC) FOR 40 PINS (DIP) FOR 40 PINS (SDIP) 


TMS370CO40AFNA TMS370CO40ANA TMS370CO40ANJAT 
TMS370CO40AFNL TMS370CO40ANL TMS370CO40ANJLT 
TMS370CO40AFNT TMS370CO40ANT TMS370CO40ANJTT 


TMS370C042AFNA TMS370C042ANA TMS370C042ANJAT 
TMS370C042AFNL TMS370C042ANL TMS370C042ANJLT 
TMS370C042AFNT TMS370C042ANT TMS370C042ANJTT 


TMS370C340AFNA TMS370C340ANA TMS370C340ANJAT 
TMS370C340AFNL TMS370C340ANL TMS370C340ANJLT 
TMS370C340AFNT TMS370C340ANT TMS370C340ANJTT 


TMS370C342AFNA TMS370C342ANA TMS370C342ANJAT 
TMS370C342AFNL TMS370C342ANL TMS370C342ANJLT 
TMS370C342AFNT TMS370C342ANT TMS370C342ANJTT 


TMS370C742AFNT TMS370C742ANT TMS370C742ANJTT 
SE370C742AFZTt SE370C742AUDTt SE370C742AJNCTt 


Tt The NJ designator for the 40-pin plastic shrink DIP package was known formerly as the N2. The mechanical drawing of the NJ is identical to the 
N2 package and did not need to be requalified. 
+ System evaluators and development tools are for use only in a prototype environment, and their reliability has not been characterized. 
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new code release form 


Figure 18 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using TI stanciard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: 2 

No: (Std. spec to be followed) 
*If Yes: Customer must provide ”print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


Ti Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE 'A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
{] External Drive (CLKIN) [] Disabled [] Hard Enabled {] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
; ; Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 
Serpaatd davge vy eta f “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
eid . options. See the 7MS370 Family User’s Guide (literature number SPNU127) 
or the 7MS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
: 0° to 70°C (standard) [] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
—40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
—40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization {] YES {] NO 
{] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
TI spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this TI custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 18. Sample New Code Release Form 
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Table 19 is a collection of all the peripheral file frames using the ’Cx4x (provided for a quick reference). 


Table 19. Peripheral File Frame Compilation 


BIT 7 BIT 6 BIT 5 Lee BIT 3 BIT 2 BIT 1 BIT 0 
SYSTEM CONFIGURATION REGISTERS 


1 OSCFLT MC PIN MC PIN uP/uC 
FLAG WPO DATA MODE 


INT1 INT1 INT1 INT1 INT1 
FLAG PIN DATA POLARITY PRIORITY ENABLE 
INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 
INT3 INT3 INT3 INT3 INT3 INTS3 INT3 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 


a ee ee 
ae hes pe ee ee 
Beis See Se ee See eee 


Port D Control Register 1 (must be 0) aS TE Fe 
Port D Control Register 2 (must be 0)t ee es Ca 


PF REG 


SCCRO 


SCCR1 


SCCR2 


INT1 


INT2 


INT3 


DEECTL 


EPCTL 


APORT1 
APORT2 
ADATA 
ADIR 
BPORT1 
BPORT2 
BDATA 
BDIR 


DPORT1 
DPORT2 
DDATA 
DDIR 


T To configure pin D3 as CLKOUT, set port D control register 2 = O8h. 
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Table 19. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


TIMER 1 MODULE REGISTER (CONTINUED) 
Bit 15 Capture/Compare-Register MSbyte Bit8 |} T1CC 
Bit 7 Capture/Compare-Register LSbyte Bit 0 
Bit 15 Watchdog-Counter MSbyte Bit8 | WOCNTR 
Bit 7 Watchdog-Counter LSbyte Bit O 
Bit 7 Watchdog-Reset Key BitO | WORST 


T1 T1 
WD OVRFL INPUT INPUT T1 INPUT 


t 
TAP SEL" | setectot | SELECTIt | SELECTot SELECT2 | SELECT! eaLenty 
WD OVRFL | WDOVRFL | WDOVRFL | T1 OVRFL T1 OVRFL T1 SW 
RST ENAt INT ENA INT FLAG INT ENA INT FLAG RESET 
Mode: Dual-Compare 
TI1EDGE T1C2 T1C1 TIEDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 T1C1 T1C2 T1C1 T1CR T1EDGE T1CR TI1EDGE 
MODE =0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Capture/Compare 
TIEDGE T1C1 T1EDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 T1EDGE TI1EDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Modes: Dual-Compare and Capture/Compare 
TIEVT T1IEVT TIEVT T1EVT DATA 
DATA IN DATA OUT | FUNCTION DIR 
TIPWM TiIPWM T1PWM TIPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR DATA 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DIR 
SCI1 MODULE CONTROL REGISTER 
EVEN/ODD PARITY ASYNC/ ADDRESS/ 
STOP BITS PARITY ENABLE ISOSYNC IDLE WUP SCI CHAR2 | SCI CHAR1 SCI CHARO 
pe. ee ScISWRE-| crock | txwake | steep | TXENA | RXENA 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUDO 
BAUD7 BAUD6 BAUDS5 BAUD4 BAUD3 BAUD2 BAUD1 (LSB) 


TY SCI TX 
RX SCI RX 


Reserved 


RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 


Reserved 


TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 


T Once the WD OVREL RST ENA bit is set, these bits cannot be changed until after a full power-down cycle has been completed. 


PF REG 


P044 
P045 
P046 
P047 
P048 


P049 T1CTL1 


PO4A TICTL2 


P04B TiCTL3 


P04C T1CTL4 


P04B TICTL3 


PO4C T1ICTL4 


P04D T1PC1 


PO4E T1PC2 


PO4F TIPRI 


PO50 SCICCR 


P051 SCICTL 


BAUD 
MSB 


BAUD 
LSB 


P052 


P053 


P054 TXCTL 


PO55 RXCTL 


PO56 
P057 
P058 
PO59 


RXBUF 


TXBUF 
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Table 19. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT5 BIT 4 | SRS = 2 BIT 2 BIT 1 BIT 0 


Reserved 


SCICLK SCICLK SCICLK SCICLK 
DATA IN DATA OUT | FUNCTION DATA DIR 
SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
i Le { 


PF 


PO5A 
PO5B 
PO5C 


REG 


PO5D SCIPC1 


PO5E SCIPC2 


POSF : SCIPRI 


T2A MODULE REGISTER 
Modes: Dual-Capture and Dual-Compare 
Bit 15 T2A Counter MSbyte Bit 8 
Bit 7 T2A Counter LSbyte Bit 0 


PO60 
P061 


T2ACNTR 


PO62 | Bit 15 Compare Register MSbyte Bit 8 TAC 
PO63 | Bit 7 Compare Register LSbyte Bit 0 
P064 | Bit 15 Capture/Compare Register MSbyte Bit 8 anne 
PO65 | Bit 7 Capture/Compare Register LSbyte Bit O 
PO66 | Bit 15 Capture Register 2 MSbyte Bit 8 AG 
P067 | Bit 7 Capture Register 2 LSbyte Bit O 
rs 
POBA T2A OVRFL- | T2A OVRFL Bl T2A INPUT T2ACTLI 
INT ENA INT FLAG SELECTI SELECTO 
Mode: Dual-Compare 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Modes: Dual-Capture and Dual-Compare 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION | DATADIR 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 


PO71 


AD INT 
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Table 19. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
A-to-D Conversion Data Register 


Port E Data Input Register 
Port E Input Enable Register 


REG 
ADDATA 


ADIN 
ADENA 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUpDy VONeOe, Voo Vors 500 NG 1) oes. fava cv eae eines tes cise oes tees -0.6Vto7V 
InpDUuLworage Tande,- AIL GINS OXCODE MGs as. oes be canes ban cee seus fMRI Ee -0.6Vto7V 
es ce ae REELED 6 WA td ek VR POF we eee bane -0.6Vto14V 

pul SIAM CUNT fae tv oO OT VES ee oe, cess iis Cp ween eee pol he Been trae Pi cae ee +20 mA 
Output clamp:current, ton (Vo <0 OF Vey Viney ore ws ed ce eee ce Bn +20 mA 
Continuous output current per buffer, lo (Vo =OtO Voc)E oo. eee cece eee tence ee eeneaen +10 mA 
PP AMSTEL RAEN os hina ops ford earns we ae meds =. Crk Vs SOP Nscewn ha hao eM ORR SUE RR 170 mA 
nt ale os oc wee an Moth ane a exale Oe oS Ra PS ne oR RD be ee -— 170 mA 
Cee et SOR Siti ak hes a ann 6 Bia ae de SBE gabe Renton Weds 6 kale oa Cee 1W 
Operating free-air temperature, Ta: L Version ........... cece cece eee eect tence eeeeeanes 0°C to 70°C 
MEW Foo ko eo han POORER 0s oa 0 on wigs baer ee ee —40°C to 85°C 

MS Sie ices wai eke bo hs hoe bd» ae -—40°C to 105°C 

Siorage fOMperature Tange, Tei pF ecns cry hc cee ieee teen eter anebyeeresereerags —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

+ Electrical characteristics are specified with all output buffers loaded with the specified Io current. Exceeding the specified Io current in any buffer 
can affect the levels on other buffers. 

NOTE 1: Unless otherwise noted, all voltage values are with respect to Vss. 


recommended operating conditions (see Note 1) 


Veo Supply voltage (see Note 1) ae Bi, Se 
VCC RAM data retention supply voltage (see Note 2) Py obi@raicr 0 aun) ve eae 
Voc3 Analog supply voltage (see Note 1) i, tee Sees OR 


V 


Vss3 Analog supply ground 
All pins except MC 
VIL Low-level input voltage 
MC, normal operation 


V 


All pins except MC, XTAL2/CLKIN, and RESET 


VIH High-level input voltage 


Vc MC (modecontra) votage [Microcomputer SSCSC~“~‘dC‘G SSC 
mea ag ape ah ee ee 
Avenion I aques sneer p aes ae A] 
cE aS a ene abe | RBS eeeee ie: Ee 


1. Unless otherwise noted, all voltage values are with respect to Vss. 
2. RESET must be externally activated when Voc or SYSCLK is out of the recommended operating range. 


V 


4.5 5 CY jet ee ae 
4.5 5 5.5 
Vss 0.8 
Vss 0.3 ne 
2 Voc 
Voc 
12 13 
Vss 0.3 
13 13.2 
0 70 
— 40 85 po 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
VoL _Low-level digital output voltage lol = 1.4mA ee 
VOH High-level output voltage oF Ye ce 
io=—2 mA 
: Pepe tese iene 
MC 0.3V< Vis 13 
12V<sV\s13V Sk 
(see Note 3) 

70 pi OVevi=Voo Suaiaeee ss 
= Low-level output current verge 0.4V Bok See 
IOH High-level output current 2 ake ey LA 

carey Sr Tere 


SYSCLK = 5 MHz 
(see Notes 4 and 5) 
Supply current (Operating mode) SYSCLK = 3 MHz 
OSC POWER bit = 0 (see Note 6) (see Notes 4 and 5) 
SYSCLK = 0.5 MHz 7 11 
(see Notes 4 and 5) 
SYSCLK = 5 MHz 10 17 
(see Notes 4 and 5) 
Supply current (STANDBY mode) SYSCLK = 3 MHz 3 1 
cc OSC POWER bit = 0 (see Note 7) (see Notes 4 and 5) 
SYSCLK = 0.5 MHz 
(see Notes 4 and 5) 
Supply current (STANDBY mode) (see Notes 4 and 5) 
OSC POWER bit = 1 (see Note 8) SYSCLK = 0.5 MHz 
(see Notes 4 and 5) 
XTALK2/CLKIN < 0.2 V 


NOTES: 3. Microcontroller-single chip mocle, ports configured as inputs, or outputs with no load. All inputs < 0.2 V or 2 Voc --0.2 V. 

4. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. At 5-MHz SYSCLK this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

Maximum operating current = 7.6 (SYSCLK) + 7 mA. 

Maximum standby current =3 (SYSCLK) + 2 mA. (Osc power bit = 0.) 

Maximum standby current = 2.24 (SYSCLK) + 1.9 mA. (Osc power bit = 1 and valid up to 3-MHz SYSCLK.) 
Input current Ipp is a maximum of 50 mA only when EPROM is being programmed. 


Input current 


Ome On 
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RECOMMENDED CRYSTAL/CLOCK CONNECTIONS 


XTAL2/CLKIN XTAL2/CLKIN 


C1 Uae Crystal/Ceramic Cat 


= Resonatort = External 
Clock Signal 


t The values of C1 and C2 are typically 15 pF and C3 value is typically 50 pF. See the manufacturer’s recommendations for ceramic resonators. 
+ The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


TYPICAL OUTPUT LOAD CIRCUITS 


Load Voltage 


1.2 kQ 


Vo 


ab 20 pF 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 


§ All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN driven by 
an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


TYPICAL INPUT BUFFERS 


Vcc 


Pin Data 


Output 
Enable 


GND 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


A Address R Read 
AR Array RXD SCIRXD 
B Byte SC SYSCLK 
Cl XTAL2/CLKIN SCC SCICLK 
D Data TXD SCITXD 
PGM Program W Write 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) r rise time 

d delay time Su setup time 

f fall time Vv valid time 

h hold time w pulse duration (width) 


The following additional letters are used with these meanings: 


H High V Valid 
a Low £ High Impedance 


All timings are measured between high and low measurement points as indicated in the figures below. 


—-- 0.8 V (Low) —— 0.8 V (Low) 


XTAL2/CLKIN Measurement Points General Measurement Points 
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external clocking requirements for clock divided by 4T 


twiCl Pulse duration, XTAL2/CLKIN (see Note 9) 


a8 ar ae (sae 
pis lien So memento ee 
Pathe. miegaeany = er 
[4 fracciresciy Delay ime, XTALZICLKIN ise to SYSCLKTal SSCS SC~t Os 
mab [2 20 | wre 
eae [os 5 wre 


CLKIN Crystal operating frequency 


SYSCLK System clock+ 


T For Vi, and Vip, refer to recommended operating conditions. 

+ SYSCLK = CLKIN/4 

NOTE 9: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<1 > 


+ ie 2 


, 
— 


l¢t—> 4 


SYSCLK / Fe ET ag Re ita cee Bree ae 


Figure 19. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL)TS§ 


ct ae: ae 
ae Bek twiCl Pulse duration, XTAL2/CLKIN (see Note 9) 

P| euKIN Crystal operatingtrequensy SS SCSC~C~C‘“‘“‘C;*~*? 

|. | SYSCLK. -._—Systion shoehorn 


T For Vi. and Vj, refer to recommended operating conditions. 

§ SYSCLK = CLKIN/1 

NOTE 9: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


ie 
ie Se 
| | | 
| | 
i 2 + <3 > noe 


Figure 20. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 10 and Figure 21) 


elo. Ae Pe 


Divide-by-4 200 2000 ee 
tc Cycle time, SYSCLK (system clock) Baide = : 300 ee ae 


| 6 |tw(SCL) Pulse duration, SYSCLK low 0.5 te-20 O5t¢} ns | 
tw(SCH) _ Pulse duration, SYSCLK high O5tc 0.5tc+20| ns | 


NOTE 10: te = system-clock cycle time = 1/SYSCLK. 


Rigel eat Nee teen 
| | 6 —> ate 
| 


Figure 21. SYSCLK Timing 


general-purpose output signal-switching time requirements 


ee ae 
Ses ae 


tf Fall time 


recommended EEPROM timing requirements for programming 


ee ee es pee we ee 
tw(PGM)B Pulse duration, programming signal to be certain valid data is stored (byte mode) 
tw(PGM)AR Pulse duration, programming signal to be certain valid data is stored (array mode) 


recommended EPROM operating conditions for programming 


ee ee ee ee 


SYSCLK System clock — MHz 
Divide-by-1 


recommended EPROM timing requirements for programming 


MIN TYP MAX{| UNIT 
tw(EPGM Pulse duration, programming signal (see Note 11) 0.40 0.50 3 


NOTE 11: Programming pulse is active wher| both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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SERIAL COMMUNICATIONS INTERFACE 1 (SCI1) INTERNAL CLOCK 
ISOSYNCHRONOUS MODE I/O TIMING 


SCI1 isosynchronous mode timing characteristics and requirements for internal clock 
(see Note 10 and Figure 22) 


iol oo ae | mien a 
Ta esch, Gasman ee ee 
[25 [wisccuy) Pulse duration, ScILKiow SSCS OSS | nw 
od 
[27 [asco.-txDy) Delay ime, SCITXD valdaterScIcLKiow ——S—S—~sdS sO 
[28 [sccu-txD) Valid time, SCITXD data after SCICLK high —————~| twsccm=80——SS*d ns 


| 29 | tsu(RXD-SCCH) Setup time, SCIRXD to SCICLK high 0.25t + 145 
| 30 | tWSCCH-RXD) _ Valid time, SCIRXD data after SCICLK high ay ba eee ee 


NOTE 10: t. = system-clock cycle time = 1/SYSCLK. 


eee eee eee ee 
| | 
| <2 > 
| +— 25 =— | | 
SCICLK i ae See ae see 
| 
> 27 Gq — 28 see 
SCITXD QOQQYYY YY Pree 
29 > 
| > \<- 30 


RKO YY 


LN ZN ZN ZN ZN Z\ 


WO / XX eX x 


SCIRXD Data Valid RO YY 


Figure 22. SCI1 lsosynchronous Mode Timing Diagram for Internal Clock 
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SERIAL COMMUNICATIONS INTERFACE 1 (SCI1) EXTERNAL CLOCK 
ISOSYNCHRONOUS MODE I/O TIMING 


SCl1 isosynchronous mode timing characteristics and requirements for external clock 
(see Note 10 and Figure 23) 


ee as OE 8 Se ARAM A eS ae ee 
ote ier. << — Cycle Mngt OO ee ae 
22 [wsccu __Puseduraton,SciciKiow «id ARGO 
ee taeccuy ..-. Pulea duration, SCIOLK High Pia re 
| 34 |tysccL-txpv) Delaytime, SCITXDvalidafterSCICLKlow | Bt + 45] 
| 35 |twSCCH-TxD) _Validtime, SCITXD data afterSCICLKhigh dT tw(SCCH) |S 
| 36 eines 
ims é | eh 2] 


tsu(RXD-SCCH) _ Setup time, SCIRXD to SCICLK high 
a7 ht RxD) __ Valid time, SCIRXD data after SCICLK high Bae Sime Ses 


NOTE 10: t, = system-clock cycle time = 1/SYSCLK. 


#—_____—_——— 31 —___———__-» 
| 


| 
| + — 33 —> 
| }¢#—— 32 —_-» | | 
| 
<> 34 kj 35 SUEMLEd 
XK OK oe) ; OX \/ XxX SKM 
SCITKD QOOXXXRANY OOO oD 
e- 36 > 
| > je 37 


OO KO Ce i CLO \/ XX \/ XXX) 
SCIRXD XK OO) 


Figure 23. SCl1 Isosynchronous Mode Timing Diagram for External Clock 
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ADC1 


The ADC1 has a separate power bus for its analog circuitry. These pins are referred to as Voc3 and Vss3. Their 
purpose is to enhance ADC1 performance by preventing digital switching noise on the logic circuitry that could 
be present on Vss and V¢c from coupling into the ADC1 analog stage. All ADC1 specifications are given with 
respect to Vss3 unless otherwise noted. 


PUDSCM MEE Noeed SUAS FRG is etides Wartles PAN Be Few RAO idles Gh s Seed, we tS ses,2 8 bits (256 values) 
MIOTIEROING: van x 5 aie Sete Oe ek SE BIRDIES Be ey She aS aH LS SIG C5 “eae Ph aden eae ee Yes 
OOUIDUT CONVOISION OOOO 8. oc oes one by peek dency ewes wees 00h to FFh (00h for Vj < Vgs3; FFh for V = Vref) 
Conversion tine (6xcluding Sample TMG)... os i ce eect ened ncaa s o@beapeeeweses Ueane 164t, 


recommended operating conditions 


Vcc3 Analog supply voltage Voc3 - 0.3 Voc3 + 0.3 
3 


Vss3_ Analog ground Vss3-0.3 Vssg + 0.3 
Vret  Non-Vcc3 referencet 2.5 Vec3 Vcoc3+0.1 
Analog input for conversion Vss3 Vref 


T Vref must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time. 


operating characteristics over ranges of recommended operating conditions 


NOTES: 12. Absolute resolution = 20 mV. At Vref = 5 V, this is 1 LSB. As Vref decreases, LSB size decreases and thus absolute accuracy and 
differential / integral linearity errors in terms of LSBs increases. 
13. Excluding quantization error of 1/2 LSB. 
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ADC1 (continued) 


The ADC1 module allows complete freedom in design of the sources for the analog inputs. The period of the 
sample time is user-defined such that high-impedance sources can be accommodated without penalty to 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC1 control register 
(ADCTL) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START) 
of the ADCTL is set to 1. After a hold time, the converter resets the SAMPLE START and CONVERT START 
bits, signaling that a conversion has started and the analog signal can be removed. 


analog timing requirements 


ee. ies Ne ea ae 
tsu(S) | Setup time, analog input to sample command ee oe | 
th(AN) Hold time, analog input from start of conversion a es RS 


twiS Pulse duration, sample time per kilohm of source impedance (see Note 14) Seer ees FS 
NOTE 14: The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum sampling time 
of 1 us. 
¢———. Analog Stable ————_ 
VVVY YY SV Y VY VY 
in QXXRKXY LLRX 
| 
| | 
—> (= tsys) | 
Sample 
Start 
| \¢———>+— th(AN) 
¢——— tw(s) ———> | 


Convert 
Start | | 


Figure 24. Analog Timing 
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Table 20 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 20. TMS370Cx4x Family Package Type and Mechanical Cross-Reference 


ee ee TMS370 GENERIC NAME pice Shs ae DEVICE PART NUMBERS 


FN — 44 pin 
(50-mil pin spacing) 


FZ — 44 pin 


PLASTIC LEADED CHIP CARRIER 
(PLCC) 


FN(S-PQCC-J**) PLASTIC J-LEADED 
CHIP CARRIER 


CERAMIC LEADED CHIP CARRIER FZ(S-CQCC-J**) J-LEADED CERAMIC 
(50-mil pin spacing) | (CLCC) CHIP CARRIER 


JD — 40 pin 


(100-mil pin spacing 


N — 40 pin 


(100-mil pin spacing) 


CERAMIC DUAL-IN-LINE PACKAGE _ | JD(R-CDIP-T**) CERAMIC SIDE-BRAZE 
) | (CDIP) DUAL-IN-LINE PACKAGE 


PLASTIC DUAL-IN-LINE PACKAGE 
(PDIP) 


N(R-PDIP-T**) PLASTIC DUAL-IN-LINE 
PACKAGE 


JC — 40 pin CERAMIC SHRINK DUAL-IN-LINE JC(R-CDIP-T40) CERAMIC SIDE-BRAZE 
(70-mil pin spacing) | PACKAGE (CSDIP) DUAL-IN-LINE PACKAGE 


(70-mil pin spacing)t | PACKAGE (PSDIP) 


PLASTIC SHRINK DUAL-IN-LINE NJ(R-PDIP-T**) PLASTIC SHRINK 


DUAL-IN-LINE PACKAGE 


TMS370CO40AFNA 
TMS370CO040AFNL 
TMS370CO40AFNT 
TMS370C042AFNA 
TMS370C042AFNL 
TMS370C042AFNT 
TMS370C340AFNA 
TMS370C340AFNL 
TMS370C340AFNT 
TMS370C342AFNA 
TMS370C342AFNL 
TMS370C342AFNT 
TMS370C742AFNT 


SE370C742AFZT 
SE370C742AJDT 


TMS370C040ANA 
TMS370C040ANL 
TMS370CO040ANT 
TMS370C042ANA 
TMS370C042ANL 
TMS370C042ANT 
TMS370C340ANA 
TMS370C340ANL 
TMS370C340ANT 
TMS370C342ANA 
TMS370C342ANL 
TMS370C342ANT 
TMS370C742ANT 


SE370C742AJCT 


TMS370CO040ANJA 
TMS370CO040ANJL 
TMS370CO40ANJT 
TMS370C042ANJA 
TMS370C042ANJL 
TMS370C042ANJT 
TMS370C340ANJA 
TMS370C340ANJL 
TMS370C340ANJT 
TMS370C342ANJA 
TMS370C342ANJL 
TMS370C342ANJT 
TMS370C742ANJT 


T NJ formerly known as N2; the mechanical drawing of the NJ is identical to the N2 package and did not need to be requalified. 
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@ CMOS/EEPROM/EPROM Technologies on a FN/FZ PACKAGE 
Single Device (TOP VIEW) . 
— Mask-ROM Devices for High-Volume E 
Production 2 iB figs 
— One-Time-Programmable (OTP) EPROM $x 52SEgsagaaes sss 


Devices for Low-Volume Production 
— Reprogrammable EPROM Devices for 
Prototyping Purposes 


@® Internal System Memory Configurations 


D1/CSHS 
D2/CSH2 
D3/SYSCLK 
D4/R/W 

D5 /CSPF 
D6/CSHT/EDS 
D7/CSET/WAIT 


— On-Chip Program Memory Versions RESET 
— ROM: 4K to 48K Bytes ot ee 
— EPROM: 16K to 48K Bytes oy bl 
— ROM-less 48 [] SPISIMO 


Data EEPROM: 256 or 512 Bytes 46 J THIC/CR 
Static RAM: 256 to 3.5K Bytes 
External Memory/Peripheral Wait States 
Precoded External Chip-Select Outputs 
in Microcomputer Mode 
@ Flexible Operating Features 
— Low-Power Modes: STANDBY and HALT 
— Commercial, industrial, and Automotive 
Temperature Ranges 
— Clock Options 
— Divide-by-4 (0.5 MHz — 5 MHz SYSCLK) 
-— Divide-by-1 (2 MHz — 5 MHz SYSCLK) 
Phase-Locked Loop (PLL) 
— Supply Voltage (Vcc): 5 V+ 10% 
@ Ejight-Channel 8-Bit Analog-to-Digital 
Converter 1 (ADC1) 
@ Two 16-Bit General-Purpose Timers 
@ On-Chip 24-Bit Watchdog Timer 
® Two Communication Modules 
— Serial Communications Interface 1 (SCI1) 
— Serial Peripheral Interface (SPI) 
@ Flexible Interrupt Handling 
@ TMS370 Series Compatibility 
@ CMOS/Package/TTL-Compatible I/O Pins 
— 64-Pin Plastic and Ceramic Shrink 
Dual-In-Line Packages/44 Bidirectional, 
9 Input Pins e 
— 68-Pin Plastic and Ceramic Leaded Chip 
Carrier Packages/46 Bidirectional, 
9 Input Pins 
— All Peripheral Function Pins Are 
Software Configurable for Digital 1/O 


JN/NM PACKAGE 
(TOP VIEW) 


Workstation/PC-Based Development 
System 

— C Compiler and C Source Debugger 

— Real-Time In-Circuit Emulation 
Extensive Breakpoint/Trace Capability 
Software Performance Analysis 
Multi-Window User Interface 
Microcontroller Programmer 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments 
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Pin Descriptions 
ALTERNATE | SDIP ee vot DESCRIPTION? 
FUNCTION va > 


Single-chip mode: Port A is a general-purpose bidirectional I/O port. 
Expansion mode: Port A can be individually programmed as the external 
bidirectional data bus (DATAO—DATA7). 


Single-chip mode: Port B is a general-purpose bidirectional I/O port. 
Expansion mode: Port B can be individually programmed as the low-order address 
output bus (ADDRO—ADDR7). 


ADDR8& 

ADDR9 
ADDR10 
ADDR11 
ADDR12 
ADDR13 
ADDR14 
ADDR15 


Single-chip mode: Port C is a general-purpose bidirectional I/O port. 
Expansion mode: Port C can be individually programmed as the high-order address 
output bus (ADDR8—ADDR15). 


External (nonmaskable or maskable) interrupt/general-purpose input pin 
External maskable interrupt input/general-purpose bidirectional pin 
External maskable interrupt input/general-purpose bidirectional pin 


ADC1 analog input (ANO-—AN7) or positive reference pins (AN1—AN7) 
Port E can be individually programmed as general-purpose input pins if not used 
as ADC1 analog input or positive reference input. 


VCc3 ADC1 positive-supply voltage and optional positive-reference input pin 
Vss3 ADC1 ground reference pin 
System reset bidirectional pin. RESET, as an input, initializes the microcontroller; 
1/O | as open-drain output, RESET indicates an internal failure was detected by the 
watchdog or oscillator fault circuit. 
Mode control (MC) pin. MC enables EEPROM write-protection override (WPO) 
MC mode, also EPROM Vpp. 
XTAL2/CLKIN 31 Internal oscillator crystal input/external clock source input 
XTAL1 32 Internal oscillator output for crystal 
Voc1 ile SEE: 31, 57 Pe ae Positive supply voltage 


ee | eee | or tamer 


ccs _—_ | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Also, port D3 can be configured as SYSCLK. 


a TEXAS 
INSTRUMENTS 


10-4 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx5x 
8-BIT MICROCONTROLLER 


SPNS0O10E — DECEMBER 1986 — REVISED MARCH 1996 


Pin Descriptions (Continued) 


ALTERNATE 
FUNCTION 


Ground reference for digital logic 


Ground reference for digital |/O logic 


Single-chip mode: Port D is a general-purpose bidirectional |/O port. Each of 
the port D pins can be individually configured as a general-purpose |/O pin, 
primary memory control signal (function A), or secondary memory control 
signal (function B). All chip selects are independent and can be used for 
memory bank switching. Refer to Table 1 for function A memory accesses. 


1/O pin A: Chip select eighth output 2 goes low during memory accesses 
1/O pin B: Opcode fetch goes low during the opcode fetch memory cycle. 


1/O pin A: Chip select half output 3 goes low during memory accesses. 
1/O pin B: Reserved 


1/O pin A: Chip select half output 2 goes low during memory accesses. 
1/O pin B: Reserved 


1/OpinA, B: Internal clock signal is 1/1 (PLL) or 1/4 XTAL2/CLKIN frequency. 
1/O pin A, B: Read/write output pin 


1/O pin A: Chip select peripheral output for peripheral file goes low during 
memory accesses. 
1/O pin B: Reserved 


1/0 pin A: Chip select half output 1 goes low during memory accesses. 
1/O pin B: External data strobe output goes low during memory accesses from 
external memory and has the same timings as the five chip selects. 


1/O pin A: Chip select eighth output goes low during memory accesses. 
1/O pin B: Wait input pin extends bus signals. 


SCITXD SCIIO1 SCI transmit data output pin/ general-purpose bidirectional pin (see Note 1) 
SCIRXD SCIlO2 SCI receive data input pin/ general-purpose bidirectional pin 
SCICLK SCIIO3 SCI bidirectional serial clock pin/ general-purpose bidirectional pin 


Timer1 input capture/counter reset input pin/ general-purpose bidirectional 
pin 

Timer1 pulse-width-modulation (PWM) output pin/ general-purpose 
bidirectional pin 

Timer1 external event input pin/ general-purpose bidirectional pin 
T2AIC1/CR T2AIO1 Timer2A input capture 1 /counter reset input pin/ general-purpose bidirectional 


pin 
a i ie Timer2A input capture 2/PWM output pin/ general-purpose bidirectional pin 


Timer2A external event input pin/ general-purpose bidirectional pin 


SPISOMI SPIIO1 SPI slave output pin, master input pin/ general-purpose bidirectional pin 
SPISIMO SPIIO2 SPI slave input pin, master output pin/ general-purpose bidirectional pin 
SPICLK SPIIO3 SPI bidirectional serial clock pin/ general-purpose bidirectional pin 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 also can be configured as SYSCLK. 
NOTE 1: The three-pin configuration SCI is referred to as SCI1. 


Table 1. Function A: Memory Accesses Locations for ‘x5x Devices 


[_FUNCTIONA | x80, x5,'X63,aNDXGG [—sSSSSCSC“‘“d;SO*‘“‘CNSO™S™O™CC™ 
c — 
) 


8000h — FFFFh (32K bytes) 000h — FFFFh (16K bytes) F000h — FFFFh (4K bytes) 
CSPF 10COh — 10FFh (64 bytes) 10COh — 10FFh (64 bytes 10COh — 10FFh (64 bytes) 
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functional block diagram 


EO-E7 
or 
INT1 INT2 INT3 XTAL1 XTAL2/ MC RESET ANO-AN7 
CLKIN —————_, 
TET Rete SERRE Sat NOES OEY GEE EA Bi RR ap : 
Clock Options: se -to-Dici bib 
Divide-by-4 or | System Control sete cot + gs 
Divide-by-1(PLL) Vss 
a : 3 
Serial FS SPISOMI 
4 AM cos Peripheral § SPISIMO 
256, 512, 1K, 1.5K, or eo Interface 3 SPICLK 
3.5K Bytes 1. Serial » SCIRXD 
Communications SCITXD 
Program Memory Data EEPROM a Interface 1 8 SCICLK 
ROM: 4K, 8K, 12K, 16K, 0, 256, or 512 Bytes z 
32K, or 48K Bytes ELA | T2AIC1/CR 
48K Bytes 
ihe - T2AIC2/PWM 
; , € T1IC/CR 
Timer 1 Fa TIEVT 
Memory Expansion 3 pact didien sete seis peal atlas uae ee TIPWM 
@ 
B 5 Watchdog 
S | = £ 
: 2 g ‘5 
e ) 
& 3 | 
< < eo 
arooent 
Vss2 


Vcoc2 
T For the 64-pin devices, there are only six pins for port D. 
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description 


The TMS370Cx5x family of single-chip 8-bit microcontrollers provides cost-effective real-time system control 
through integration of advanced peripheral function modules and various on-chip memory configurations. The 
TMS370Cx5x family presently consists of twenty-one devices which are grouped into seven main sub-families: 
the TMS370Cx50, TMS370Cx52, TMS370Cx53, TMS370Cx56, TMS370Cx58, TMS370Cx59, and 
SE370C75x. 


The TMS370Cx5x family of devices is implemented using high-performance silicon-gate CMOS EPROM and 
EEPROM technologies. The low-operating power, wide-operating temperature range, and noise immunity of 
CMOS technology, coupled with the high performance and extensive on-chip peripheral functions, make the 
TMS370Cx5x devices attractive in system designs for automotive electronics, industrial motor control, 
computer peripheral control, telecommunications, and consumer application. Table 2 provides a memory 
configuration overview of the TMS370Cx5x devices. 
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description (continued) 


Table 2. Memory Configurations 


PROGRAM 
aneiiey OFF-CHIP | DATAMEMORY | OPERATING PACKAGES 


(BYTES) MEMORY (BYTES) MODES 68 PIN PLCC/CLCC, OR 


"ROM | EPROM EXP. (BYTES) RAM | EEPROM 64 PIN PSDIP/CSDIP 
TMS370Cx50: TMS370C050, TMS370C150, TMS370C250, AND TMS370C350 
Prusarocosoa———SSC*dt ak “T— <| ek 250 | 256 | v | v | FNAPLCC/NMAPSOP 
PRION. sc. el os [ote | a en fo een | 
Prassrocasoa SS | | sex | oe | oe | — |v | nerice 
Prusarocasoa «i ak | — | vx | a6 | — |v |v | FN-PLcc/NM-psoP 
TMS370Cx52: TMS370C052, TMS370C352, AND TMS370C452 
Prussrocosea SCC OKT — | vex | 256] 256 | v | v | FN-PLCC/NMAPSDP 
Prusaocasea «dt ek ‘| — | vax | a6 | — | v |v | FN-PLCC/NM-PSDP 
Prasarocasoa? «dt ek | — | wx | se | oe |v |[v |] m-mco 


TMS370Cx53: TMS370C353 


Prsarocasea Sd KT — [wx [ix] — ]v]v] mn-mco | 
TMS370Cx56: TMS370C056, TMS370C156, TMS370C256, TMS370C356, TMS370C456, AND TMS370C756 
Prussrocosea stv | — | eK ‘| sta | s@ | v |v | FN-PLCC/NW-PSDP 
npmciar of | ae ee | Le ee | 
ence ba | me [el we | |) ome | 
Prusavocasea +t vex | — | vax | s@ | — | v |v | FN-PLCO/NW-PSDP_| 
Prusavocasent [vex | — | wax | sw | se |v fv] -n-mcco | 
TMS370C756A 6K V FN — PLCC / NM -PSDIP 


TMS370C758A, 
TMS370C758B V FN — PLCC / NM -PSDIP 


EPROM DEVICE: SE370C756, SE370C758, and SE370C759 


SE370C758A, 
SE370C758B1l 256 FZ —CLCC / JN -CSDIP 
SE370C759A81 ba | BOK PSB | 26 | ey op FZ-CLCC 


Tt uC — Microcomputer mode 
pLP — Microprocessor mode 
+ TMS370C45x support ROM memory security. Refer to the program ROM section. 
§ Only operate up to 3 MHz SYSCLK 
1 System evaluators and development tools are for use only in a prototype environment, and their reliability has not been characterized. 
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description (continued) 


The suffix letter (A or B) appended to the device names shown in the device column of Table 2 indicates the 
configuration of the device. ROM or an EPROM devices have different configurations as indicated in Table 3. 
ROM devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 3. Suffix Letter Configuration 


: 
ROM A 
De ge at 


Tt Refer to the “device numbering conventions” section for device nomenclature and the “device part numbers” section for ordering. 


Unless otherwise noted, the terms TMS370Cx50, TMS370Cx52, TMS370Cx53, TMS370Cx56, TMS370Cx58, 
TMS370Cx59, and SE370C75x refer to the individual devices listed in Table 2 and described in this data sheet. 
All TMS370Cx5x devices contain the following on-chip peripheral modules: 


Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


Eight-channel, 8-bit analog-to-digital converter 1 (ADC1) 

Serial communications interface 1 (SCI1) 

Serial peripheral interface (SPI) 

One 24-bit general-purpose watchdog timer 

Two 16-bit general-purpose timers (one with an 8-bit prescaler) 


TMS370C756, TMS370C758, and TMS370C759 are one-time programmable (OTP) devices that are available 
in plastic packages. This microcomputer is effective to use for immediate production updates for other members 
of the TMS370Cx5x family or for low-volume production runs when the mask charge or cycle time for low-cost 
mask ROM devices is not practical. 


The SE370C756, SE370C758, and SE370C759 have windowed ceramic packages to allow reprogramming of 
the program EPROM memory during the development/prototyping phase of design. The SE370C75x devices 
allow quick updates to breadboards and prototype systems while iterating initial designs. 


The TMS370Cx5x family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all central processing unit (CPU) activity (that is, no 
instructions are executed). In the STANDBY mode, the internal oscillator and the general-purpose timer remain 
active. In the HALT mode, all device activity is stopped. The device retains all RAM data and peripheral 
configuration bits throughout both low-power modes. 


The TMS370Cx5x features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx5x family is fully 
instruction-set-compatible, allowing easy transition between members of the TMS370 8-bit microcontroller 
family. 


The SPI and the two operational modes of the SCI1 give three methods of serial communications. The SCI1 
allows standard RS-232-C communications interface between other common data transmission equipment, 
while the SPI gives high-speed communications between simpler shift-register type devices, such as display 
drivers, ADC1 converter, phase-locked loop (PLL), I/O expansion, or other microcontrollers in the system. 
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description (continued) 


For large memory applications, the TMS370Cx5x family provides an external bus with non-multiplexed address 
and data. Precoded memory chip-select outputs can be enabled, which allows minimum-chip-count system 
implementations. Wait-state support facilitates performance matching among the CPU, external memory, and 
the peripherals. All pins associated with memory expansion interface are individually software configurable for 
general purpose digital input/output (1/O) pins when operating in the microcomputer mode. 


The TMS370Cx5x family provides the system designer with very economical, efficient solution to real-time 
control applications. The TMS370 family extended development system (XDS™) and compact development 
tool (CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370Cx5x into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C-language, and the output code can be generated by the linker. The TMS370 family 
XDS development tools communicate through a standard RS-232-C interface with an existing personal 
computer. This allows the use of the personal computer editors and software utilities already familiar to the 
designer. The TMS370 family XDS emphasizes ease-of-use through extensive use of menus and screen 
windowing so that a system clesigner with minimal training can begin developing software. Precise real-time 
in-circuit emulation and extensive symbolic debug and analysis tools ensure efficient software and hardware 
implementation as well as recluced time-to-market cycle. 


The TMS370Cx5x family together with the TMS370 family XDS/22, CDT370, design kit, starter kit, software 
tools, the SE370C75x reprogrammable devices, comprehensive product documentation, and customer support 
provide a complete solution to the needs of the system designer. 


modes 


The TMS370Cx5x has four operating modes, two basic modes with each mode having two memory 
configurations. The basic operating modes are the microcomputer and microprocessor modes, which are 
selected by the voltage level applied to the dedicated MC pin two cycles before RESET goes inactive. The two 
memory configurations then are selected through software programming of the internal system configuration 
registers. The four operating modes are the microcomputer single chip, microcomputer with external expansion, 
microprocessor without internal program memory, and microprocessor with internal program memory. These 
modes are described in the following list. 


@ Microcomputer single chip mode: 
— Operates as a self-contained microcomputer with all memory and peripherals on-chip. 
— Maximizes the general-purpose I/O capability for real-time control applications. 


@ Microcomputer with external expansion mode: 


— Supports bus expansion to external memory or peripherals, while all on-chip memory (RAM, ROM, 
EPROM, and data EEPROM) remains active. 


— Configures digital I/O ports (ports A, B, C, and D) through software, under control of the associated port 
control, to become external memory as follows: 


— PortA: 8-bit data memory 
— PortB and C: 16-bit address memory 
— Port D: 8-bit control memory (pin not used as function A or B can be configured as I/O) 


— Utilizes the pins available (not used for address, data, or control memory) as general-purpose 
input/output by programming them individually. 


— Lowers the system cost by not requiring an external address/data latch (address memory and data 
memory are nonmultiplexed). 


XDS and CDT are trademarks of Texas Instruments Incorporated. 
Wi 7 
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modes (continued) 


— Reduces external interface decode logic by using the precoded chip select outputs that provide direct 
memory/peripheral chip select or chip enable functions. 


— Function A maps up to 112K bytes of external memory into the address space by using CSE1, CSE2, 
CSH1, CSH2, and CSH3 as memory-bank selects under software control. 


— Function B maps up to 40K bytes of external memory into the address space by using EDS under 
software control. 


@® Microprocessor without internal program memory mode: 


— PortsA, B, C, and D (these ports are not programmable) become the address, data, and control buses 
for interface to external memory and peripherals. 


— On-chip RAM and data EEPROM remain active, while the on-chip ROM or EPROM is disabled. 
— Program area and the reset, interrupt, and trap vectors are located in off-chip memory locations. 
@ Microprocessor with internal program memory mode: 


— Configured as the microprocessor without internal program memory mode with respect to the external 
bus interface. 


— Application program in external memory enables the internal program ROM or EPROM to be active in 
the system. (Writing a zero to the MEMORY DISABLED control bit (SCCR1.2) of the SCCR1 control 
register accomplishes this.) 


memory/peripheral wait operation 


The TMS370Cx5x enhances interface flexibility by providing WAIT-state support, decoupling the cycle time of 
the CPU from the read/write access of the external memory or peripherals. External devices can extend the 
read/write accesses indefinitely by placing an active low on the WAIT-input pin. The CPU continues to wait as 
long as WAIT remains active. 


Programmable automatic wait-state generation also is provided by the TMS370Cx5x on-chip bus controller. 
Following a hardware reset, the TMS370Cx5x is configured to add one wait state to all external bus transactions 
and memory and peripheral accesses automatically, thus making every external access a minimum of three 
system-clock cycles. The designer can disable the automatic wait-state generation if the AUTOWAIT DISABLE 
bit in SCCR1 is set to 1. Also, all accesses to the upper four frames of the peripheral file can be extended 
independently to four system clock cycles if the PF AUTO WAIT bit in SCCRO is set to one. Programmable wait 
states can be used in conjunction with the external WAIT pin. In applications where the external device 
read/write access can interface with the TMS370Cx5x CPU using one wait state, the automatic wait-state 
generation can eliminate external WAIT interface logic, lowering system cost. 


bal TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 10-11 


TMS370Cx5x 
8-BIT MICROCONTROLLER 


SPNS0O10E — DECEMBER 1986 — REVISED MARCH 1996 


CPU 


The CPU used on TMS370Cx5x devices is the high-performance 8-bit TMS370 CPU module. The ’x5x 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’x5x instruction set is summarized in Table 23. Figure 1 illustrates the CPU registers 
and memory blocks. 


15 seas Counter 0 


7 Stack Pointer (SP) 0 Legend: 
ad capa 
N=Negative 
Status Register (S Z=Zero 
pe {Nn |z |v [ie2] 1] — V=Overflow 
RB AB Sr eR a @ 1E2=Level2 interrupts Enable 
1E1=Level1 interrupts Enable 
0000h 
The 256-Byte RAM (0000h-—O00FFh) 
1 
hha 512-Byte RAM (0000h-—01FFh) —_ 
1K-Byte RAM (0000h-03FFh) oz0on 
0400h 
1.5K-Byte RAM (0000h-—05FFh) 
0600h 
3.5K-Byte RAM (0000h-—ODFFh) 
OEO00h 
Reservedt 
Peripheral File T000h 
10COh 
Peripheral Exp 
1100h 
RAM (Includes 256-Byte Registers File) Reservedt 
0000h 512-Byte (1E00h-1FFFh) 1E00h 
Data EEPROM yea 
0001h 256-Byte (1F00h—1FFFh) 
_ io oe a weet mbes 
oyeen 4000h 
5000h 
6000h 
7000h 
007Fh 
Interrupts and Reset Vectors; saree 
Trap Vectors 
8000h 


Memory Expansion E000h 
FFFFh 


3 48K-Byte ROM/EPROM (2000h-DFFFh) A000h 


OOFFh 
Tt Reserved means the address space is reserved for future expansion. 


Figure 1. Programmer’s Model 
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CPU (continued) 
The ’x5x CPU architecture provides the following components: 


@ CPU registers: 
A stack pointer that points to the last entry in the memory stack 


A status register that monitors the operation of the instructions and contains the global-interrupt-enable 
bits 


— Aprogram counter (PC) that points to the memory location of the next instruction to be executed 
@ Amemory map that includes : 


— 256-,512-, 1K-, 1.5K-, or 3.5K-byte general-purpose RAM that can be used for data-memory storage, 
program instructions, general-purpose register, or the stack (can be located only in the first 256 bytes) 


— Aperipheral file that provides access to all internal peripheral modules, system-wide control functions, 
and EEPROM/EPROM programming control 


— 256- or 512-byte EEPROM module that provides in-circuit programmability and data retention in 
power-off conditions 


— 4K-, 8K-, 12K-, 16K-, 32K-, or 48K-byte ROM or 16K-, 32K-, or 48K-byte EPROM program memory 
stack pointer (SP) 


The SP is an 8-bit CPU register. The stack operates as a last-in, first-out, read/write memory. Typically the stack 
is used to store the return address on subroutine calls as well as the status-register contents during interrupt 
sequences. 


The SP points to the last entry or to the top of the stack. The SP increments automatically before data is pushed 
onto the stack and decrements after data is popped from the stack. The stack can be located only in the first 
256 bytes of the on-chip RAM memory. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global-interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits: 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional-jump instructions) use these status bits to determine program flow. 


® The two interrupt-enable bits control the two interrupt levels. 


The ST register, status bit notation, and status bit definitions are shown in Table 4. 


Table 4. Status Registers 


Z 6 5 4 3 2 1 0 
fe Up poe pe re er ewer eno 
RW-0 RW-0O RW-0 RW-0O RW-0 RW-0 


R = read, W = write, 0 = value after reset 
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CPU (continued) 


program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most-significant byte (MSbyte) and least-significant byte (LSbyte) of a 16-bit address. 


The contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter during reset. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
6000h as the contents of memory locations 7FFEh and 7FFFh (reset vector). 
Program Counter (PC) 
Memory PCH PCL 


ee Bee See ee 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx5x architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. In the expansion mode, external memory peripherals are also memory-mapped into this 
common address. As shown in Figure 3, the TMS370Cx5x provides a 16 bit-address range to access internal 
or external RAM, ROM, data EEPROM, EPROM input/output pins, peripheral functions, and system-interrupt 
vectors. 


The peripheral file contains all input/output port control, on- and off-chip peripheral status and control, EPROM, 
EEPROM programming, and system-wide control functions. The peripheral file consists of 256 contiguous 
addresses located from 1000h to 10FFh. The 256 contiguous addresses are divided logically into 16 peripheral 
file frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through which peripheral 
control and data information is passed. The TMS370Cx5x has its on-chip peripherals and system control 
assigned to peripheral file frames 1 through 7, addresses 1010h through 107Fh. 
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memory map (continued) 


Peripheral File Control 
Registers 


256-Byte RA 
512-Byte RAM 
(0000h—-01 FFh) System Control 4 1010h—101Fh 


Digital Port Control | 1020h—-102Fh 


| iy, Hy VA (0000h-05FFh) 1030h-103Fh 
| al 3.5K-Byte RAM Ti 
eS | (0000h-ODFFh) mer enpneral | 4040h—104Fh 
t t acid SCI1 Periph 
— cone 050-5 
ja Eo ik ES imer 2A Periphera 
AIRY ESSE] BISSESTPY 4 1060h-106Fh 
ADC1 Peripheral 
1080h—108Fh 


Reservedt 


1100h 
Reservedt 


= = 512K-Byte Data 
EEPROM 


(1E£00h—1 FFFh) 


256-Byte Data 


EEPROM 
(1FOOh-1FFFh) 


eae 
pen: 
ee 


Q Be TH Se” 
ii . : : | =o" 
‘| External§ ke] External 


Vectors 


nT 


Trap 15-0 7FCOh-7FDFh 
E4 WES 16K-Byte ROM 
ES INS (4000h—7FFFh) 7FEOh-7FFBh 
12K-Byte ROM 
(5000h—7FFFh) ADC1 7FECh-7FEDh 
|| Timer 2A 7FEEh-7FEFh 
fii 4K-Byte ROM 
(7000h—7FFFh) Serial Comm I/F TX | 7FFOh-7FF ih 
Interrupts and Serial Comm I/F RX} 7FF2h-7FF3h 
Reset Vectors; 
Trap Vectors 


Serial Peripheral I/F | 7—FF6h-7FF7h 
Interrupt 3 7FF8h-7FF9h 


32K-Byte ROM 
(2000h-9FFFh) 


48K-Byte ROM 
(2000h-DFFFh) 


7FFAh-7FFBh 


7FFCh-7FFDh 
Memory Expansion 
Microcomputer Microcomputer Microprocessor With Microprocessor Model 
Single Chip Mode Mode With External Internal Program 
Expansion Memory 
] On-Chip For TMS370Cx59 Devices EF] On-Chip For TMS370Cx56 Devices On-Chip For TMS370Cx52 Devices 


| On-Chip For TMS370Cx50 Devices 


“ On-Chip For TMS370Cx53 Devices 


“NY On-Chip For TMS370Cx58 Devices 


tT Reserved = the address space is reserved for future expansion. 

+ Not available (N/A) = address space unavailable in the mode illustrated. 
§ Precoded chip select outputs available on external expansion bus. 

1l Microprocessor mode is designed for ROM-less devices (’x50 and’x56). ROM and EPROM devices can also be used in this mode but all on-chip 


memory is ignored. 


Figure 3. TMS370Cx5x Memory Map 
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RAM/register file (RF) 


Locations within RAM address space can serve as either register file or general-purpose read/write memory, 
program memory, or stack instructions. The TMS370Cx50 and TMS370Cx52 devices contain 256 bytes of 
internal RAM, mapped beginning at location 0000h and continuing through location OOFFh which is shown in 
Table 5 along with other ’x5x devices. 


Table 5. RAM Memory Map 


RAM Size 256 Bytes 512 Bytes 1.5K Bytes 3.5K Bytes 
Memory Mapped 0000h - OOFFh 0000h - 01FFh 0000h — 03FFh 0000h — O5FFh 0000h - ODFFh 


The first 256 bytes of RAM (0000h — OOFFh) are register files, RO through R255 (see Figure 1). The first two 
registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly use register A 
or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the stack pointer 
is contained in register B. Registers A and B are the only registers cleared on reset. 


peripheral file (PF) 


The TMS370Cx5x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or by P for a decimal designator. For example, the system control register 0 (SCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal designator is P16. Table 6 
shows the TMS370Cx5x peripheral files. 


Table 6. TMS370Cx5x Peripheral File Address map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


1050h—105Fh PO50—PO5F Serial communication interface 1 registers 
1060h—106Fh PO60—PO6F Timer 2A registers 


1070h—107Fh PO70—PO7F Analog-to-digital converter 1 registers 
10COh-—10FFh POCO—POFF External peripheral control 


data EEPROM 


The TMS370Cx56 devices contain 512 bytes of data EEPROM, which are memory mapped beginning at 
location 1E00h and continuing through location 1FFFh as shown in Table 7 along with other ‘x5x devices. 


Table 7. Data-EEPROM Memory Map 


Data-EEPROM Size 256 Bytes 512 Bytes ia Ge 
Memory Mapped 1FOOh--1FFFh 1E00h-1FFFh tein Gas 
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data EEPROM (continued) 


Writing to the data EEPROM module is controlled by the data EEPROM control register (DEECTL) and the 
write-protection register (WPR). Programming algorithm examples are available in the TMS370 Family User’s 
Guide (literature number SPNU127) or the TMS370 Family Data Manual (literature number SPNS014B). The 
data EEPROM features include the following: 


® Programming: 
— Bit, byte, and block write/erase modes 
— Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the data EEPROM control register 
(DEECTL) located in the PF frame beginning at location PO1A. 


—  In-circuit programming capability: There is no need to remove the device to program it. 
® Write-protection: Writes to the data EEPROM are disabled during the following conditions: 
— Reset: All programming of the data EEPROM module is halted. 
— Write protection active: There is one write-protect bit per 32-byte EEPROM block. 
— Low-power mode operation 
® Write protection can be overridden by applying 12 V to MC. 


Table 8 shows the memory map of the control registers. 


Table 8. Data EEPROM and Program EPROM Control Registers Memory Map 


aN ok See x 


oS Mes ee 
Pin a te ee 


For the 16K-byte EPROM device, program memory is controlled by PO1C; for the 32K-byte EPROM device, 
the program memory is controlled by PO1C and PO1E; for the 48K-byte EPROM device, the program memory 
is controlled by PO14, PO1C, and PO1E. 


program EPROM 


The ‘370C756 consists of a 16K-byte array of EPROM at address locations 4000h through 7FFFh. The 
‘370C758 consists of 32K bytes made up of two 16K-byte arrays of EPROM; the first 16K-bytes array is located 
at address locations 2000h through 5FFFh, and the second 16K byte array is located at address locations 6000h 
through 9FFFh. The ’370C759 consists of 48K bytes that is made up of three 16K byte arrays of EPROM; the 
first 16K bytes array is located at address locations 2000h through 5FFFh, the second 16K-byte array is located 
at address locations 6000h through 9FFFh, the third 16K-byte array is located at address locations AO0Oh 
through DFFFh (see Figure 3). 


sal TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 10-17 


TMS370Cx5x 
8-BIT MICROCONTROLLER 


SPNSO10E — DECEMBER 1986 — REVISED MARCH 1996 
program EPROM (continued) 


The EPROM memory map in Table 9 expresses the following: 


@ The programming control register for program EPROM (EPCTLM) for 16K-byte EPROM is located at 
address 101Ch (P01C). 


@® Forthe 32K-byte EPROM, the first 16K-byte array is controlled by EPCTLL, located at 101Eh (P01E); the 
second 16K-byte array is controlled by EPCTLM, located at 101Ch (P01C). 


@ For the 48K-byte EPROM, the first 16K-byte array is controlled by EPCTLL, located at 101Eh (PO1E); the 
second 16K-byte array is controlled by EPCTLM, located at 101Ch (P01C); the third 16K-byte array is 
controlled by EPCTLH, located at 1014h (P014). 


Table 9. EPROM Memory Map 


ee ee es ee 
EPROM size 16K Bytes 32K Bytes 48K Bytes 


M M d 16K First 16K Second 16K First 16K Second 16K Third 16K 
emory Mappec | 4000h-7FFFh | 2000h-5FFFh | 6000h-9FFFh | 2000h—5FFFh 6000h-9FFFh AQ0Oh—DFFFh 
es ricalat EPCTLM EPCTLL EPCTLM EPCTLL EPCTLM EPCTLH 
Roce PO1C PO1E PO1C PO1E PO1C P014 
Reading the program-EPROM modules is identical to reading other internal memory. During programming, the 
EPROM is controlled by the EPCTL. The program EPROM modules’ features include: 


@® Programming 


—  |n-circuit programming capability if Vpp is applied to MC 


— Control register: Program EPROM programming is controlled by the program EPROM control registers 
(EPCTLL, EPCTLM, and EPCTLH) located in the PF frame as shown in Table 8. 


— Programming one EPROM module while executing the other 
@ Write protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset: All programming to the EPROM module is halted. 
— Low-power modes 
— 13 V not applied to MC 
program ROM 


The program ROM consists of 4K to 48K bytes of mask-programmable ROM. The program ROM is used for 
permanent storage of data or instructions. Programming of the mask ROM is performed at the time of device 
fabrication. ROM security is a feature of the ‘45x devices, which inhibits reading of the data using the 
programmer. 


Table 10. ROM Memory Mapt 


ROM Size 4K Bytes 8K Bytes 12K Bytes 16K Bytes 32K Bytes 48K Bytes 


Memory Mapped 7000h — 7FFFh 6000h — 7FFFh 5000h — 7FFFh 4000h — 7FFFh 3000h — 9FFFh 2000h — DFFFh 


T Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments (TI™), and addresses 7FECh through 7FFFh are reserved for 
interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP 15 instructions are located between addresses 7FCOh and 7FDFh. 


Tl is a trademark of Texas Instruments Incorporated. 
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system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx5x CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
internally generated, while one (RESET) is controlled externally. These actions are as follows: 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer timeout . See the T7WS370 User’s 
Guide (literature number SPNU127) or the TMS370 Family Data Manual (literature number SPNSO14B) 
for more information. 


@ Oscillator reset. Reset occurs when the oscillator operates outside the recommended operating range. See 
the 7MS370 User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual (literature 
number SPNSO14B) for more information. 


@ External RESET Pin. A low-level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual (literature number 
SPNS0O14B) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x5x device to reset external system components. Additionally, if a cold-start condition 
(Vcc is off for several hundred milliseconds) occurs, oscillator failure occurs, or RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator fault flag (OSC FLT FLAG, SCCRO0O.4), the cold start flag 
(COLD START, SCCRO.7), and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 11 lists the reset sources. 


Table 11. Reset Sources 


[REGISTER | ADDRESS | PF | BITNO. | CONTROLB | SOURCEOFRESET 


Once a reset is activated, the following sequence of events occurs: 

The CPU registers initialize: ST = OOh, SP = Oth (reset state). 

Registers A and B initialize to 00h (no other RAM is changed). 

The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


Se Bibs? ict ho 


Program execution begins with an opcode fetch from the address pointed to by the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. During RESET, the two basic operating modes which are the 
microcomputer and microprocessor modes can be selected by applying the desired voltage level to the 
dedicated MC pin two cycles before RESET goes inactive (refer to page 10-10 for operating modes description). 


RESET must be held low until the clock signal is valid and Vcc is within the operating range, when an external 
reset circuit is connected to RESET. Figure 4 shows a typical reset circuit. 
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system reset (continued) 


To Other Device Resets 
Vcc 


TMS370 


Reset In 


\¢ Reset Out 


Manual 
Reset 


Figure 4. Typical Reset Circuit 


interrupts 


The TMS370 family software-programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global interrupt mask bits (IE1 and IE2) of 
the status register. 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is configured selectively on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion for future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370Cx5x has nine hardware system interrupts (plus RESET) as shown in Table 12. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. A system interrupt can have multiple interrupt sources (e.g., SCI RXINT has two interrupt 
sources). All of the interrupt sources are individually maskable by local interrupt-enable control bits in the 
associated PF. Each interrupt source FLAG bit is individually readable for software polling or determining which 
interrupt source generated the associated system interrupt. Interrupt control block diagram is illustrated in 
Figure 5. 
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EXT INT 2 


Ext Edge —_ 
Compare2 * 
input Capture 1_— 


Ext Edge ws 
Compare2 = 
Input Capture 1 


input Capture 2_— Watchdog — 


T2A PRI Priority 


Logic 


Level 1 INT 


O 

O 

INT1 PRI 
L = 


AD iNT 3 SCI INT : ae SPI INT 
RX 


™ SPI PRI 


Level 2 INT 


Figure 5. Interrupt Control 


On-chip peripheral functions generate six of the system interrupts. Three external interrupts also are supported. 
Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 control registers 
in PF frame 1. Each external interrupt is individually software configurable for input polarity (rising or falling 
edge) for ease of system interface. External interrupt INT1 is software configurable as either a maskable or 
non-maskable interrupt. When INT1 is configured as nonmaskable, it cannot be masked by the individual- or 
global-enable mask bits. The INT1 NMI bit is protected during non-privileged operation and, therefore, should 
be configured during the initialization sequence following reset. To maximize pin flexibility, external interrupts 
INT2 and INT3 can be software configured as general purpose input/output pins if the interrupt function is not 
required (INT1 can be similarly configured as an input pin). Table 12 shows the interrupt vector sources, 
corresponding addresses, and hardware priorities. 
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interrupts (continued) 


Table 12. Hardware System Interrupts 
SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
External RESET COLD START 
Watchdog overflow WD OVREFL INT FLAG RESETt 7FFEh, 7FFFh 1 
Oscillator fault detect OSC FLT FLAG 


Eomint NAS | ee eee 
[EmemalNT2———SS~itNT LAG SC*dSCnat «ramen [8 
ee ee ee 


Timer 1 overflow T1 OVRFL INT FLAG 

Timer 1 compare 1 T1C1 INT FLAG 

Timer 1 compare 2 T1C2 INT FLAG 

Timer 1 external edge TIEDGE INT FLAG THINTS FP URN Eran 
Timer 1 input capture 1 T11C1 INT FLAG 

Watchdog overflow WD OVREL INT FLAG 


SCI RX data register full RXRDY FLAG 


SCI TX data register empty TXRDY FLAG TXINT 7FFOh,7FFih =| 


Timer 2A overflow T2A OVREL INT FLAG 

Timer 2A compare 1 T2AC1 INT FLAG 

Timer 2A compare 2 T2AC2 INT FLAG 

Timer 2A external edge T2AEDGE INT FLAG Lo tl TEETER 
Timer 2A input capture 1 T2AIC1 INT FLAG 

Timer 2A input capture 2 T2AIC2 INT FLAG / 


A/D conversion complete AD INT FLAG ADINT 7FECh, 7FEDh 


T Relative priority within an interrupt level 
+ Releases microcontroller from STANDBY and HALT low-power modes. 
§ Releases microcontroller from STANDBY low-power mode. 


privileged operation and EEPROM write-protection override 


The TMS370Cx5x family has significant flexibility to enable the designer to software-configure the system and 
peripherals to meet the requirements of a broad variety of applications. The nonprivileged mode of operation 
ensures the integrity of the system configuration, once it is defined for an application. Following a hardware 
reset, the TMS370Cx5x operates in the privileged mode, where all peripheral file registers have unrestricted 
read/write access, and the application program configures the system during the initialization sequence 
following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) should be set 
to 1 to enter the nonprivileged mode; disabling write operations to specific configuration control bits within the 
peripheral file. Table 13 displays the system configuration bits that are write-protected during the nonprivileged 
mode and must be configured by software prior to exiting the privileged mode. 
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privileged operation and EEPROM write-protection override (continued) 


Table 13. Privileged Bits 


REGISTERT 


CONTROL BIT 
[naw | LOCATION 
P010.5 | PF AUTOWAIT 
SCCRO Po10.6 |OSC POWER 
th P0112 | MEMORY DISABLE 
P011.4 ‘| AUTOWAIT DISABLE 


PWRDWN/IDLE 
HALT/STANDBY 


POSF.5 SPI ESPEN 
POSF.6 SPI PRIORITY 
PO3SF.7 SPI STEST 


SCI ESPEN 
SCIRX PRIORITY 
SCITX PRIORITY 
SCI STEST 


Po4eE6. | T1 PRIORITY 
TIPRI Po4E7 |T1STEST 
Po6F6 __| T2A PRIORITY 
T2APRI Po6E7 _—| T2A STEST 
PO7E5. | ADESPEN 
ADPRI P0o7E6 _| AD PRIORITY 
Po7E7 ~+| ADSTEST 


T The privileged bits are shown in a bold typeface in Table 15. 


The write-protect override (WPO) mode provides an external hardware method for overriding the 
write-protection registers of data EEPROM on the TMS370Cx5x. The WPO mode is entered by applying a 12-V 
input to MC after RESET input goes high (logic 1). The high voltage on MC during the WPO mode is not the 
programming voltage for the data EEPROM or Program EPROM. All EEPROM programming voltages are 
generated on-chip. The WPO mode provides hardware system-level capability to modify the content of the data 
EEPROM while the device remains in the application, but only while requiring a 12-V external input on the MC 
pin (normally not available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370Cx5x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls which low-power mode is entered. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, timer 1, and the receive start-bit detection circuit of the serial 
communications interface remain active. System processing is suspended until a qualified interrupt (hardware 
RESET, external interrupt on INT1, INT2, INT3, timer 1 interrupt, or low level on the receive pin of the serial 
communications interface 1) is detected. 
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low-power and IDLE modes (continued) 


In the HALT mode (HALT/STANDBY = 1), the TMS370Cx5x is placed in its lowest power consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET, external interrupt on the INT1, INT2, INT3, or low level 
on the receive pin of the serial communications interface 1) is detected. The low-power mode selection bits are 
summarized in Table 14. 


Table 14. Low-Power/idle Control Bits 


| POWER-DOWN CONTROL BITS | DOWN CONTROL BITS 
eee ee HALT/STANDBY MODE SELECTED 
(SCCR2.6) (SCCR2.7) 


ee 
oe oe DLE 


X = don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an idle instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI is generated always, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (stack pointer, program counter, and status register), I/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU instruction processing is stopped during the 
STANDBY and HALT modes, the clocking of the watchdog timer is inhibited. 


clock modules 


The ‘x5x family provides two clock options which are referred to as divide-by-1 (PLL) and divide-by-4 (standard 
oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the manufacturing process of 
a TMS370 microcontroller. The ‘x5x ROM-masked devices offer both options to meet system engineering 
requirements. Only one of the two clock options is allowed on each ROM device. The ‘75xA EPROM has only 
the standard divide-by-4, while the ‘75xB EPROM has the divide-by-1. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a 1-to-1 match of the external resonator frequency to the internal system clock 
(SYSCLK) frequency. The divide-by-4 produces a SYSCLK which is one-fourth the frequency of the external 
resonator. Inside the divide-by-1 module, the frequency of the external resonator is multiplied by four. The clock 
module then divides the resulting signal by four to provide the four-phased internal system clock signals. The 
resulting SYSCLK is equal to the resonator frequency. The frequencies are formulated as follows 


external resonator frequency — CLKIN 
4 or aay 
external resonator frequency x 4 
4 


Divide-by-4 option : SYSCLK = 


Divide-by-1 option: SYSCLK = = CLKIN 

The main advantage of choosing a divide-by-1 oscillator is the improved EMI performance. The harmonics of 
low-speed resonators extend through less of the emissions spectrum than the harmonics of faster resonators. 
The divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a 
steeper decay of emissions produced by the oscillator. 
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system configuration registers 
Table 15 contains system configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in a bold typeface and shaded. 


Table 15. Peripheral File Frame 1: System Configuration Registers 
COLD i a _PFAUTO | OSC FLT MC PIN MC PIN uP/uC 
START | PC WAIT FLAG WPO DATA MODE 
preci 
SABLE 


Pepe ae ee em 


INT1 INT1 INT1 INT1 INT1 

FLAG PIN DATA POLARITY | PRIORITY ENABLE 
INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 
INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 
Met.) | = | oe ee ee 


TS ES i ee Sa es a 


EPCTLH 


INT1 


INT2 


INTS 


DEECTL 


EPCTLM 


EPCTLL 
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digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 16 lists the specific 
addresses, registers, and control bits within this peripheral file frame. 


Table 16. Peripheral File Frame 2: Digital Port Control Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 | BITO |REG 


Reserved APORT1 
Port A Control Register 2 APORT2 
Port A Data ADATA 
Port A Direction ADIR 
Reserved BPORT1 
Port B Control Register 2 BPORT2 
Port B Data BDATA 
Port B Direction BDIR 
Reserved CPORT1 
Port C Control Register 2 CPORT2 
Port C Data CDATA 
Port C Direction CDIR 
Port D Control Register 1 DPORT1 


Port D Control Register 2T DPORT2 
DDATA 
DDI 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = O8h. 


PF 
P020 
P21 
Po22 
P023 
P024 
P025 
P026 
P027 
P028 
Po29 
PO2A 
P02B 
PO2C 
P02D 
PO2E 
PO2F 
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digital port control registers (continued) 


Table 17. Port Configuration Register Setup 
FUNCTION B 
INPUT OUTPUT FUNCTION A (uP MODE) 
PORT XPORT1 = OT XPORT1 = XPORT1 = ot XPORT1 = 1T 
A RN! SAPS SR BT AS TS RT. 
CSE2 OCF 


XPORT2 = 0 XPORT2 = A XPORT2 = 1 XPORT2 = 1 
XDATA = y XDATA = q XDATA = x XDATA = x 
XDIR =0 XDIR = 1 XDIR = x XDIR = x 


Data In y Data Out q 


NOOR WON —- © 


XPORT1 = 
XPORT2 = 


Not defined 


XDATA = x 
XDIR = x 


T DPORT only 


timer 1 module 


The programmable timer 1 (T1) module of the TMS370Cx5x provides the designer with the enhanced timer 
resources required to perform realtime system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers (T1 and WD) allow program selection of input clock 
sources (real-time, external event, or pulse-accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The T1 module includes three external device pins that can be used 
for multiple counter functions (operation mode dependent) or used as general-purpose I/O pins. T1 module is 
shown in Figure 6. 
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timer 1 module (continued) 


Edge 16-Bit 
Select Capt/Comp 


Register 


16-Bit aa 
—_ Counter oS 
- 16-Bit 
Compare Interrupt 
rink Register Logic 
Prescaler 
Interrupt 
Logic 
16-Bit 


WatchdogCounter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


Three T1 I/O pins: 

— T1IC/CR: T1 input capture / counter reset input pin, or general-purpose bidirectional |/O pin 

— T1PWM: T1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: T1 event input pin, or general-purpose bidirectional |/O pin 

Two operation modes: 

— Dual-compare mode: Provides PWM signal 

— Capture/compare mode: Provides input capture pin 

One 16-bit general-purpose resettable counter 

One 16-bit compare register with associated compare logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register 


One 16-bit WD counter can be used as an event counter, a pulse accumulator, or an interval timer if 
watchdog feature is not needed. 


Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 


Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR) 
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timer 1 module (continued) 


@ Interrupts that can be generated on the occurrence of: 
— Acapture 
— Acompare equal 
— Acounter overflow 
— Anexternal edge detection 
@ Sixteen T1 module control registers located in the PF frame, beginning at address P040 


Table 18 shows the T1 module control register. 


Table 18. T1 Module Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Modes: Dual-Compare and Capture/Compare 
Bit 15 T1 Counter MSbyte Bit8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit 0 
Bit 15 Compare Register MSbyte Bit 8 | TiC 
Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit8 |} TiCC 
Bit 7 Capture/Compare Register LSbyte Bit O 
Bit 15 Watchdog Counter MSbyte Bit 8 | WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit O 
Bit 15 Watchdog Reset Key BitO | WORST 


¥o TA 
WD OVRFL INPUT INPUT T1 INPUT 


1, 
TAPSELT | seiectot | seLectit | SELECTot SELECT2:: |: senecti. | “=F” 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL T1 SW 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 
Mode: Dual-Compare 
T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 T1C1 T1C2 T1C1 T1CR T1EDGE TiCR T1EDGE 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA 
Mode: Capture/Compare 
T1EDGE T101 T1EDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 TI1EDGE T1EDGE 
MODE =1 | OUTENA RST ENA POLARITY DET ENA 
Modes: Dual-Compare and Capture/Compare 


TIEVT TIEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION | DATA DIR 


PF REG 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


T1CTL1 


P049 


PO4A TICTL2 


P04B TICTL3 


P04C T1ICTL4 


P04B T1ICTL3 


P04C° T1ICTL4 


T1PC1 


TiPC2 
T1PRI 


Tt Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to the simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT 
SELECT2 bits are ignored. 
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The T1 capture/compare mode block diagram is illustrated in Figure 7. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 
bit 0, in the T1CTL2 register. 


T1CC.15-0 
Capticomp “SB TIC1 
ee Register MSB OUTENA |, T1PC2.7-4 
Source c : T1CTL4.6 D <TiPWN> 
T1CNTR. 15-0 
LSB 16-Bit 


MSB Counter 


& Reset 
T1 SW 


T1C1 INT FLAG 


(TIeT13.3}0 


T1C1 INT ENA 


RESET 
16-Bit LSB 
T1ICTL2.0 T1C1 Compare 


RST ENA Register MSB 


T1 OVREL INT FLAG 


(ricT123)-< 


T1 OVRFL INT ENA 


T1EDGE INT FLAG 


(TieT137)-< 


T1EDGE INT ENA 


T1PC2.3-0 
T1EDGE DET ENA 


Edge 
Select 
T1CTL4.0 


T1EDGE POLARITY 


Figure 7. Capture/Compare Mode 
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timer 1 module (continued) 


The T1 dual-compare mode block diagram is illustrated in Figure 8. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 


bit 0, in the T1CTL2 register. 


16-Bit  jop] |T1C2INT FLAG 


Capt/Comp 
Prescaler 3 TICTL3.6 9 @ 
Clock Register MSB Output 


Source | CTicri3.7_) CTL31 Enable 


T1C2 INT ENA 
TICNTR.15-0 Bens 
rien ou-2-aa te Paaenee | = O T1PC2.7-4 
LSB 16-Bit ———— T1C2 OUTENA | | 
usp COUNte T1C1 INT FLAG TICTL4.6) | & TIPWM 
v TICTL3.5}—O— 0 ee 2 
— T1C1 OUT ENA 
ae TiC1 TIC 15-0 (> (_T1C7L3.0 ) TICTL4.3 
RESET RST ENA ‘a rages TIC1 INT ENA 
al =) | 
TICTL2.0 TICTL4.4 Compare T1CR OUT ENA 
ee Register MSB 


T1 OVRFL INT FLAG 
TICTL2.3)—O— 0 


CTicTL24 ) 


T1 OVRFL INT ENA 


e 
T1CTL4.1 


T1CR 


T1PC2.3-0 RST ENA 
T1CTL4.0 
T1EDGE DET ENA 


Edge 
<iicicR>} select 
T1CTL4.2 


T1EDGE POLARITY 


T1EDGE INT FLAG 


TICTL3.7}—O— © 
C TICTL3.2 ) 


TIEDGE INT ENA 


Figure 8. Dual-Compare Mode 
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timer 1 module (continued) 


The TMS370Cx5x device includes a 24-bit watchdog (WD) timer, contained in the T1 module, which can be 
software-programmed as an event counter, pulse accumulator, or interval timer if the watchdog function is not 
desired. The WD function is to monitor software and hardware operation and to implement a system reset when 
the WD counter is not serviced properly (WD counter overflow or WD counter is reinitialized by an incorrect 
value). The WD can be configured as one of the three mask options: standard watchdog, hard watchdog, or 
simple counter. 


@ Standard watchdog configuration (see Figure 9) — for ’C75xA EPROM and mask-ROM devices 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


— AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


— Awatchdog overflow flag (WD OVRFLINT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator, or an interval timer 


WDCNTR. 15-0 
16-Bit WD OVRFL T1CTL2.6 
Watchdog Counter INT FLAG 
TICTL2.5 O~ O——— Interrupt 
cs WD OVRFL 
is INT ENA 
Clock 
Prescaler T1CTL1.7 TICTLO7 
WD OVRFL 
TAP SEL = O—————_ System Reset 
WD OVRFL 
Watchdog Reset Key RST ENA 


WDRST.7-0 


Figure 9. Standard Watchdog 
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timer 1 module (continued) 
@® Hard watchdog configuration (see Figure 10) — for ‘C75xB EPROM and mask-ROM devices 
— Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK. 


— AWD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


— Automatic activation of the WD timer upon power-up reset 
— INT1 is enabled as nonmaskable interrupt during low-power modes 


- Awatchdog overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


WDCNTR.15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter TICTL2.5 


Reset 


Clock 
Prescaler 


TICTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 
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timer 1 module (continued) 


@ Simple-counter configuration (see Figure 11) — for mask-ROM devices only 


— The simple counter can be configured as an event counter, pulse accumulator, or an interval timer 


WDCNTR. 15-0 
WD OVFL 
16-Bit sees 
Watchdog Counter INT FLAG f Sa ICTLZG © J 
TICTL2.5 O—————_ Interrupt 
R WD OVRFL 
ore INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


timer 2A module 


The 16-bit general-purpose timer 2A (T2A) module is composed of a 16-bit resettable counter, 16-bit compare 
register with associated compare logic, 16-bit capture register, and a 16-bit register that functions as a capture 
register in one mode and as a compare register in the other mode. The T2A module adds an additional timer 
that provides an event count, input capture, and compare functions. The T2A module includes three external 
device pins that can be dedicated as timer functions or used as general-purpose I/O pins. The T2A module is 
shown in Figure 12. 
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timer 2A module (continued) 


16-Bit 
Capt/Comp 
Register 


(Dual-Capture Mode) 


16-Bit 
Capture 
Register 


(Dual-Compare Mode) 


16-Bit 
Counter 


Compare 
Register 


Figure 12. Timer 2A Block Diagram 


The T2A module features include the following: 
@ Three T2A I/O pins: 
— T2AIC1/CR: T2A input-capture 1/counter-reset input pin, or general-purpose bidirectional I/O pin 


— T2AIC2/PWM: T2A input-capture 2/pulse-width-modulation (PWM) output pin, or general-purpose 
bidirectional I/O pin 


— T2AEVT: Timer 2A event-input pin, or general-purpose bidirectional I/O pin 
@ Two operational modes: 
— Dual-compare mode: Provides PWM signal 
— Dual-capture mode: Provides input-capture pin 
One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture register with associated capture logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register 


@ 712A clock sources can be any of the following: 


System clock 


No clock (the counter is stopped) 


External clock synchronized to the system clock (event counter) 


System clock while external input is high (pulse accumulation) 
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timer 2A module (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T2AIC1/CR) 


@ Interrupts that can be generated on the occurrence of: 
— Acompare equal to dedicated compare register 
— Acompare equal to capture-compare register 
— Acounter overflow 
— Anexternal edge 1 detection 
— Anexternal edge 2 detection 
@ Fourteen T2A module-control registers: Located in the PF frame beginning at address PO60 


The T2A module-control registers are illustrated in Table 19. 


Table 19. Timer 2A Module Register Memory Map 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
Modes: Dual-Compare and Dua!-Capture 
PO6O | Bit 15 T2A Counter MSbyte Bit 8 
T2ACNTR 
PO61 | Bit 7 T2A Counter LSbyte Bit 0 
PO62 | Bit 15 Compare Register MSbyte Bit 8 soar 
PO63 | Bit 7 Compare Register LSbyte Bit 0 
PO64 | Bit 15 Capture/Compare Register MSbyte Bit 8 TOAGC 
PO65 | Bit 7 Capture/Compare Register LSbyte Bit 0 
PO66 | Bit 15 Capture Register 2 MSbyte Bit 8 TAN: 
PO67 | Bit 7 Capture Register 2 LSbyte Bit 0 
T2A T2A 
PO6A bore, ae . : OVRFL INT INPUT pec baal T2ACTL1 
FLAG SELECT1 
Mode: Dual-Compare 
T2AEDGE1 T2AC2 T2AC1 T2AEDGE1 T2AC2 T2AC1 
POCB | INTFLAG | INTFLAG | INTFLAG ae | es INTENA | INTENA | INTENA | (CACTL2 
PO6C T2A T2AC1 T2AC2 T2AC1 T2AEDGE1 | T2ZAEDGE1 | T2AEDGE1 | T2AEDGE1 T2ACTL3 
MODE = 0 OUT ENA QUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
PO6B T2AEDGE1 T2AEDGE2 T2AC1 T2AEDGE1 | T2ZAEDGE2 T2AC1 T2ACTL2 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
PO6C T2A T2AC1 T2AEDGE2 | T2AEDGE1 | T2AEDGE2 | T2AEDGE1 T2ACTL3 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Modes: Dual-Compare and Dual-Capture 
T2AEVT T2AEVT T2AEVT T2AEVT 
PO6E T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC1/CR |} T2AIC1/CR | T2AIC1/CR | T2AIC1/CR T2APC2 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION | DATADIR 
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timer 2A module (continued) 


The T2A dual-compare mode block diagram is illustrated in Figure 13. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of TZACTL2.0 is 106Bh, 
bit 0, in the T2ZACTL2 register. 


T2ACC. 15-0 


16-Bit 


Capt/Comp LSB 
Register MSB T2AC2 INT FLAG Output 
| T2ACTL2.6}—O— 0 pps 


om T2ACTL2.1 
T2ACNTR.15-0 


, T2AC2 INT ENA 
LSB “a 6-Bit 
MSB ounter ; 


Reset 


T2ACTL3.5 
: 
T2AC2 OUT ENA Le anita 
T2ACTL3.6 65 OA ic2/ Wi V > 
© 


O 
T2AC1 OUT ENA 


T2AC1 INT FLAG 


T2ACTL2.0 


Toggle 


T2A SW TOAC1 T2AC. 15-0 | T2AC1 INTENA  T2ACTLS.A | 
intl RST ENA ie-Bit LSB 
T2ACTL1.0 T2ACTL3.4 Compare T2AEDGE1 
3 ™~o Register MSB OUT ENA 
2 Same. T2A OVREL INT FLAG 
T2ACTL3.1 T2ACTL1.3 
T2AEDGE1 


T2ACTL1.4 
T2A OVREL INT ENA 


T2APC2.3-0) STENA 


o 
T2ACTL3.0 T2AEDGE1 INT FLAG 
T2AEDGE1 DET ENA T2ACTL2.7 


T2ACTL3.2 T2ACTL2.2 
T2AEDGE1 POLARITY T2AEDGE1 INT ENA 


Figure 13. Dual-Compare Mode 
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timer 2A module (continued) 


Reset 
oe 16-Bit 
RESET SS Compare +88 
T2ACTL1.0 RST ENA Register MSB 
C) ©) 
T2ACTL3.4 
T2ACTL3.0 
(T2APC23-0) | T2AEDGE1 DET ENA 
( T2APC2.3-0 ) 


Edget Oe? & 
<CT2AIC1/CRS)_ Select T2ACTL3.2 


T2APC2.7-4 


<TAAICAPWH>} ‘Select 3@E2D 
Select T2ACTL3.3 T2AEDGE2 DET ENA 


T2ACNTR.15—0 


The T2A dual-capture mode block diagram is illustrated in Figure 14. The annotations on the diagram identify 


the register and the bit(s) in the peripheral frame. For example, the actual address of TZACTL2.0 is 106Bh, 
bit 0, in the TZACTL2 register. 


T2ACC. 15-0 T2AIC. 15-0 


16-Bit 16-Bit 
Capt/Comp LSB Capture 


LSB 
ices Register1 MSB Register2 MSB 


LSB ‘46-Bit 
mMsB- Counter 


T2AEDGE1 POLARITY T2ACTL3.1 


T2ACTL2.1 


T2AEDGE2 POLARITY T2AEDGE2 INT ENA 


Figure 14. Dual-Capture Mode 
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serial peripheral interface (SPI) module 


The SPI is a high-speed, synchronous, serial I/O port that allows a serial bit stream of programmed length 
(1 to 8 bits) to be shifted into, and out of, the device at a programmable bit-transfer rate. The SPI is used normally 
for communications between the microcontroller and external peripherals or another microcontroller. Typical 
applications include external I/O or peripheral expansion through devices such as shift registers, display drivers, 
and analog-to-digital converters. The master/slave operation of the SPI supports multi-device communications. 
The SPI module features include the following: 


Three external pins: 

— SPISOMI: SPI slave output/master input pin or general purpose bidirectional I/O pin 
— SPISIMO: SPI slave input/master output pin or general purpose bidirectional I/O pin 
— SPICLK: SPI serial clock pin or general purpose bidirectional I/O pin 

Two operational modes: master and slave 

Baud rate: Eight different programmable rates 

— Maximum baud rate in master mode: 2.5M bps at 5-MHz SYSCLK 


SPI BAUD RATE = SYSCLK 
2x2 


— Maximum baud rate in slave mode: 625K bps at 5-MHz SYSCLK. 
For maximum slave SP! BAUD RATE < SYSCLK/8 
where b = bit rate in SPICCR.5-3 (range 0-7) 


Data word format: one to eight data bits 


Simultaneous receive and transmit operation (transmit function can be disabled in software) 


Transmitter and receiver operations are accomplished through either interrupt driven or polled algorithms. 


Seven SPI module control registers located in control register frame beginning at address PO3Oh 
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The SPI module control registers are illustrated in Table 20. 


Table 20. SPI Module Control Register Memory Map 


BIT 7 BIT 6 BITS | BiT4 | BIT3 BIT 2 BIT 1 BIT 0 
sPiSw | CLOCK | SPIBIT | SPIBIT SPI BIT SPI SPI SPI 
RESET | POLARITY | RATE2 RATE1 RATEO CHAR2 CHARI CHARO 

RECEIVER | SPI INT MASTER/ | 1A SPI INT 
OVERRUN | FLAG SLAVE ENA 
Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 


REG 
SPICCR 


SPICTL 


SPIBUF 


Poss 
P039 SDAT7 SDAT6 SDAT5 SDAT4 SDAT3 SDAT2 SDAT1 SDATO SPIDAT 
PO3A 
to Reserved 
PO3C 
SPICLK SPICLK SPICLK SPICLK 
SPISIMO SPISIMO SP!SIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI SPIPC2 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
: SPIPRI 


He St 
- aon 
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serial peripheral interface (SPI) module (continued) 


The SPI block diagram is illustrated in Figure 15. 


SPIBUF.7-0 RECEIVER 
OVERRUN 
SPIBUF Buffer 


SPI INT FLAG SPICTL.O 


SPICTL.6 


SPIINT ENA 


SPIDAT 0 SPIPC2.7-4 
Data Register . : <sPisimo> 


SPIDAT.7-0 
Cspi0ar.7-0) ae 
SPIPC2.3-0 


" 
TALK o— <SPISOMI> 
State Control 


| 
| 
| 
| 
| 
| 


MASTER/SLAVET 


SPI CHAR SPICCR.2-0 
Clack: <5 SP adores ene -6— —( SPICTL2 
: SPIPC1.3-0 
System l 
nee CLOCK POLARITY 


SPI BIT RATE 
Tt The diagram is shown in slave mode. 


Figure 15. SPI Block Diagram 


serial communications interface 1 (SCI1) module 


The TMS370x5x devices include a serial communications interface (SCI1) module. The SCIl1 module supports 
digital communications between the TMS370 devices and other asynchronous peripherals and uses the 
standard non-return-zero format (NRZ) format. The SCI1’s receiver and transmitter are double buffered, and 
each has its own separate enable and interrupt bits. Both can be operated independently or simultaneously in 
the full duplex mode. To ensure data integrity, the SCl1 checks received data for break detection, parity, overrun, 
and framing errors. The speed of bit rate (baud) is programmable to over 65,000 different speeds through a 
16-bit baud-select register. 
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serial communications interface 1 (SCI1) module (continued) 


Features of the SCI1 module include: 


Three external pins: 

— SCITXD: SCI transmit output pin or general-purpose bidirectional I/O pin 

— SCIRXD: SCI receive input pin or general-purpose bidirectional I/O pin 

— SCICLK: SCI bidirectional serial clock pin, or general-purpose bidirectional I/O pin 
Two communications modes: asynchronous and isosynchronoust 

Baud rate: 64K different programmable rates 

— Asynchronous mode: 3 bps to 156K bps at 5-MHz SYSCLK 


a eee 
ASYNCHRONOUS BAUD = aaGp REG + 1) 


— lsosynchronous mode: 39 bps to 2.5M bps at 5-MHz SYSCLK 


= 2 Segu 
ISOSYNCHRONOUS BAUD = agp REG +t) Xe 


Data-word format 

— One start bit 

— Data-word length programmable from 1 to 8 bits 

— Optional even/odd/no parity bit 

— One or two stop bits 

Four error-detection flags: parity, overrun, framing, and break detection 
Two wake-up multiprocessor modes: Idle-line and address bit 

Half or full-duplex operation 

Double-buffered receive arid transmit functions 


Interrupt driven or polled algorithms with status flags accomplish transmitter (TX) and receiver (RX) 
operations. 


— Transmitter: TXRDY flag (transmitter buffer register is ready to receive another character) and TX 
EMPTY flag (transmitter shift register is empty) 


— Receiver: RXRDY flag (receive buffer register ready to receive another character), BRKDT flag (break 
condition occurred), and RX ERROR monitoring four interrupt conditions 


— Separate enable bits for transmitter and receiver interrupts 
— NRZ (non return-to-zero) format 


Eleven SCI1 module control registers are located in control register frame beginning at address PO50h. 


T lsosynchronous = Isochronous 
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serial communications interface 1 (SCI1) module (continued) 


The SCI1 module control registers are illustrated in Table 21. 


Table 21. SCI1 Module Control Register Memory Map 


PF 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
EVEN/ODD PARITY ASYNC/ ADDRESS/ 
STOP BITS PARITY ENABLE ISOSYNC. | IDLE WUP SCI CHAR2 | SCI CHAR1 | SCI CHARO | SCICCR 
capa CLOCK TXWAKE SLEEP TXENA RXENA SCICTL 
BAUDF 
P052 (MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 BAUD MSB 
BAUDO 
P053 BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 (LSB) BAUD LSB 
SCI TX 
RX SCI RX 
P0O55 ERROR RXRDY BRKDT pore [Oe Tes RXWAKE INT ENA RXCTL 


PO50 


P0O56 Reserved 

P057 RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO RXBUF 
P058 Reserved 

P059 TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO TXBUF 
PO5A 

PO5B Reserved 

PO5C 


ScICLK | sciclik | SCcICLK | SCICLK 
pose} ScitxD | scitxD | sciTxD | scITxD | SCIRXD | SCIRXD | SCIRXD | SCIRXD | 40, 
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION | DATADIR 


SCIPRI 


The SCl1 module block diagram is illustrated in Figure 16. 


sa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 10-43 


TMS370Cx5x 
8-BIT MICROCONTROLLER 


SPNS010E — DECEMBER 1986 — REVISED MARCH! 1996 


serial communications interface 1 (SCI1) module (continued) 


TXWAKE TXBUF.7-0 


Transmit Data 
Buffer Reg. 


Frame Format and Mode 


PARITY SCI TX Interrupt 


EVEN/ODD ENABLE 


TXCTL.6 


SCIPC2.7-4 
TAENA ScITXD 
Oat ae ec 


O 


BAUD MSB. 7-0 
Baud Rate 
MSbyte Reg. 
BAUD LSB. 7-0 
Baud Rate 
LSbyte Reg. 


RXWAKE 


CLOCK 
oars 


SCIPC2.3-0 


SCIRXD 


RXCTL.7 RXCTL.4-—2 


RXBUF.7-0 


Figure 16. SCIl1 Block Diagram 


analog-to-digital converter 1 (ADC1) module 


The analog-to-digital converter 1 (ADC1) module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has eight multiplexed analog input channels that allow the processor to 
convert the voltage levels from up to eight different sources. The ADC1 module features include the following: 


® Minimum conversion time: 32.8 us at 5-MHz SYSCLK 
@ Ten external pins: 


— Eight analog input channels (ANO—AN7), any of which can be software configured as digital inputs 
(EO—E7) if not needed as analog channels 


— AN1-—AN7 can also be configured as positive-input voltage reference. 
- Voc3: A/D module high-voltage reference input 


— Vggg3: A/D module low-voltage reference input 
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analog-to-digital converter 1 (ADC1) module (continued) 
@ The ADDATA register, which contains the digital result of the last ADC1 conversion 
@ ADC1 operations can be accomplished through either interrupt driven or polled algorithms. 
@ Six ADC1 module control registers are located in the control-register frame beginning at address 1070h. 


The ADC1 module control registers are illustrated in Table 22. 


Table 22. ADC1 Module Control Register Memory Map 
BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
CONVERT | SAMPLE | REFVOLT | REF VOLT | REF VOLT | ADINPUT | ADINPUT | AD INPUT 
START START SELECT2 | SELECT1 | SELECTO | SELECT2 | SELECT1 | SELECTO 
AD INT AD INT 


A-to-D Conversion Data Register 


REG 


ADCTL 


ADSTAT 


ADDATA 


P073 

to Reserved 
PO7C 

PO7D Port E Data Input Register ADIN 
PO7E Port E Input Enable Register ADENA 
, ADPRI 


PO7F | 


a TEXAS 
INSTRUMENTS ce 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx5x 
8-BIT MICROCONTROLLER 


SPNS010E — DECEMBER 1986 — REVISED MARCH 1996 
analog-to-digital converter 1 (ADC1) module (continued) 


The ADC1 module block diagram is illustrated in Figure 17. 


——-—-—-7 


Port E | t 
veka | Pert E Data | 


ANO | 
ADENA.O | 


ete] | SAA Soa 


ENA 1 | pad: A nee 7 AD INPUT SELECT P 
Cont) 
O 
Bey nm | Port E Data | 
aaa 
ng et Cae) 
©) 
ge Pea | Port E Data 


| 
AN3 | 
| 
| 


| 


Port E Input | Port E Dat | 
ENA 4 ° ata | 
| AN 4 ) 
ADENAS ) olCanwa) 
| ANS > ADDATA.7-0 
Port E Input | | 
Port E Data 
ENA 5 Sabha edt A-to-D 
[ANS > . oCapns )) Data Register 
: | 
Port E Input 
gt ga | Port E Data l AD READY 
Sours | | ADSTAT.2 
| [slals. 
| AN6_> ° 
V ADCTL.5-3 
Port E Input l pote Dat 
ENA 7 | ° AN 42 a | ADPRI.6 } 


| 
ADENA.7 i ADIN? )| 
a 2 er ee 


AD INT FLAG 


| Vec3 > 
rWes3> 


AD INT ENA 


Figure 17. ADC1 Block Diagram 
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instruction set overview 


Table 23 provides an opcode-to-instruction cross-reference of all 73 instructions and 274 opcodes of the 
‘370Cx5x instruction set. The numbers at the top of this table represent the most significant nibble of the opcode 
while the numbers at the left side of the table represent the least significant nibble. The instruction of these two 
opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that opcode. 


For example, the opcode B5dh points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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8-01 


€yyl-lS2ZZ SVXSL ‘NOLSNOH e€¢rl XOE 30Id4O LSOd 


SVX4I oe 


SINAWNYLSN 


Zar 


BTJO 
Rs,A,ra 


BTJZ 
Rs.,A,ra 


tT All conditional jumps (opcodes 01-—0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 
instructions have a relative address as the last operand. 


Table 23. TMS370 Family Opcode/Instruction Mapt 


Rs,Rd,ra 
4/11 


Rs,Rd,ra 
4/11 


#n,Rd,ra A,Pd,ra 
4/10 3/11 


JMPL 
lab 
3/9 


MOV 
& lab,A 
3/10 


MOV 
A, & lab 
3/10 


B,Pd,ra 


3/10 


*Rp 
2/8 


MOV 
*Rp,A 
2/9 


MOV 
A, *Rp 
2/9 


BTJO 
#n,Pd,ra 
4/11 


BTJZ 
#n,Pd,ra 
4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*lab[B],A 
3/12 


MOV 
A,*lab[B] 
3/12 


XCHB A/ 
TST B 
1/10 


MOV 
#ra[SP],A 
2/7 


MOV 
A,*ra[SP] 
2/7 


CMP 
*n[SP],A 


9661 HOUVW GASIASY — 9861 HASWIOAC — SOLOSNdS 


XGXDOZESWL 


SYS TIOULNOOOUOIWN LI8-8 


€vvyl-lSeZZ SVXAL ‘NOLSNOH eft XOE JIAO LSOd 


6v-0l 


SVX] oe 


SLNANNALSN 


Zor 


Table 23. TMS370 Family Opcode/Instruction Mapt (Continued) 


0 1 2 3 a 5 6 


Legend: 
* = _ Indirect addressing operand prefix 
& = Direct addressing operand prefix 


a immediate operand 

#16 = immediate 16-bit number 
lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address 

Rd = Register containing destination type 

Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Source Register pair 

Register containing source byte 


DD 

no] 

on 

ou 


T All conditional jumps (opcodes 01-OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


7 


CALL 
lab 
3/13 


CALLR 


lab 
3/15 


B 
BR RR 
*Rp A 
2/8 1/8 
CMP CMP RRC 
*Rp,A *lab[B],A A 
2/10 3/13 1/8 
CALL RL 
*Rp A 
2/12 1/8 


CALLR CALLR RLC 
“Rp *lab[B] A 
2/14 3/17 1/8 


Second byte of two-byte instructions (F4xx): 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


MOV 
A,*n[Rn] 
4/16 
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development system support 


The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator (XDS/22), CDT, and an EEPROM/UVEPROM programmer. 


Assembler/linker (Part No. TMDS3740850—02 for PC) 

— Includes extensive macro capability 

— Features high-speed operation 

— Includes format conversion utilities for popular formats 


ANSI C-Compiler (Part No. TMDS3740855—02 for PC, Part No. TMDS3740555—09 for HP700™, Sun-3™ 
or Sun-4™) 


— Generates assembly code for the TMS370 that can be inspected easily 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct reference of the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
CDT370 (compact development tool) real-time in-circuit emulation 
— Base (Part Number EDSCDT370 — for PC, requires cable) 

— Cable for 68-pin PLCC (Part No. EDSTRG68PLCC) 

— Cable for 64-pin SDIP (Part No. EDSTRG64SDIL) 
— Provides EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Allows uploading/downloading of program and data memory 
— Provides capability to execute programs and software routines 
— Includes 1024 samples trace buffer 
— Includes single-step executable instructions 
— Allows use of software breakpoints to halt program execution at selected address 
XDS/22 (extended development support) in-circuit emulator 
— Base (Part Number TMDS3762210 for PC, requires cable) 
— Cable for 68-pin PLCC/64-Pin SDIP (Part No. TMDS3788868) 


— Contains all of the features of the CDT370 described above but does not have the capability to program 
the data EEPROM ancl program EPROM 


— Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace 
samples with symbolic disassembly 


— Allows breakpoints to be qualified by address and/or data on any type of memory acquisition. Up to four 
levels of events can be combined to cause a breakpoint 


— Provides timers for analyzing total and average time in routines 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 
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development system support (continued) 


Contains an eight-line logic probe for adding visibility of external signals to the breakpoint qualifier and 
for tracing display 


@® Microcontroller programmer 


Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 68-pin PLCC (Part No. TMDS3780510A) 
— Single unit head for 64-pin SDIP (Part No. TMDS3780511A) 


Personal computer-based, window/function-key oriented user interface for ease of use and rapid 
learning environment 


@ Design kit (Part No. TMDS3770110 — for PC) 


Includes TMS370 Application Board and TMS370 Assembler diskette and documentation. 
Supports quick evaluation of TMS370 functionality 
Provides capability to upload and download code 


Provides capability to execute programs and software routines, and to single-step executable 
instructions 


Allows software breakpoints to halt program execution at selected addresses 
Includes wire-wrap prototype area 


Includes reverse assembler 


@ Starter Kit (Part No. TMDX37000 — For PC) 


Includes TMS370 Assembler diskette and documentation 
Includes TMS370 Simulator 

Includes programming adapter board and programming software 
Does not include — (to be supplied by the user): 

— +5V power supply 

—  ZIF sockets 

— 9-pin RS232 cable 
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device numbering conventions 


Figure 18 illustrates the numbering and symbol nomenclature for the TMS370Cx5x family. 


TS 370 C 7 5 2 A FNT 


Prefix: TMS 

TLE : 
Scere ot 5A 
a ee seay aan 
Program Memory Types: 0 

1 

2 

3 

4 

7 

|] Device Type: 5 

—— Memory Size: 0 

2 

3 

6 

8 

9 

Temperature Ranges: A 

L 

 f 

Packages: FN 

FZ 

NM 

JN 

ROM and EPROM Option: A 

A 

A 

B 


Standard prefix for fully qualified devices 

System evaluator (window EPROM) that is used for 
prototyping purpose. 

TMS370 8-Bit Microcontroller Family 

CMOS 


Mask ROM 

ROM-less, No Data EEPROM 
ROM-less 

Mask ROM, No Data EEPROM 
ROM memory with security 
EPROM 


’*x5x device containing the following modules: 
— Timer 1 

— Timer 2A 

— Serial Peripheral Interface 

— Serial Communications Interface 1 

— Analog-to-Digital Converter 1 


4K bytes 
8K bytes 
12K bytes 
16K bytes 
32K Bytes 
48K Bytes 


-40°Cto 85°C 
o°Cto 70°C 
-—40°C to 105°C 
Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 
Plastic Shrink Dual-in-Line 
Ceramic Shrink Dual-in-Line 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 

— A standard watchdog 

— A hard watchdog 

— A simple watchdog 

The clock can be either: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power modes can be either: 

— Enabled 

— Disabled 

For ROM-less device, a standard watchdog, a divide-by-4 
clock, and low-power modes are enabled. 

For EPROM device, a standard watchdog, a divide-by-4 
clock, and low-power modes are enabled. 

For EPROM device, a hard watchdog, a divide-by-1 
(PLL) clock, and low-power modes are enabled. 


Figure 18. TMS370Cx5x Family Nomenclature 
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device part numbers 


Table 24 provides a list of all the ‘x5x devices available. The device part number nomenclature is designed to 
assist ordering. Upon ordering, the customer must specify not only the device part number but also the clock 
and watchdog timer options desired. Remember that each device can have only one of the three possible 
watchdog timer options and one of the two clock options. The options to be specified pertain solely to orders 
involving ROM devices. 


Table 24. Device Part Numbers 


DEVICE PART NUMBERS DEVICE PART NUMBERS DEVICE PART NUMBERS DEVICE PART NUMBERS 
FOR 68 PINS FOR 64 PINS FOR 68 PINS FOR 64 PINS 


TMS370CO50AFNA TMS370CO50ANMA TMS370C356AFNA TMS370C356ANMA 
TMS370CO50AFNL TMS370CO50ANML TMS370C356AFNL TMS370C356ANML 
TMS370CO50AFNT TMS370COS50ANMT TMS370C356AFNT TMS370C356ANMT 


TMS370C456AFNA 


TMS370C150AFNT TMS370C456AFNL 

TMS370C456AFNT 
TMS370C250AFNT See: ee TMS370C756AFNT TMS370C756ANMT 
TMS370C350AFNA TMS370C350ANMA TMS370CO58AFNA TMS370CO58ANMA 


TMS370C350AFNL 
TMS370C350AFNT 


TMS370C052AFNA 
TMS370C052AFNL 
TMS370C052AFNT 


TMS370C352AFNA 
TMS370C352AFNL 
TMS370C352AFNT 


TMS370C452AFNA 
TMS370C452AFNL 
TMS370C452AFNT 


TMS370C353AFNA 
TMS370C353AFNL 
TMS370C353AFNT 


TMS370CO56AFNA 
TMS370CO56AFNL 
TMS370CO56AFNT 


TMS370C350ANML TMS370CO58AFNL TMS370CO58ANML 
TMS370C350ANMT TMS370CO58AFNT TMS370CO58ANMT 


TMS370C052ANMA TMS370C358AFNA TMS370C358ANMA 
TMS370CO52ANML TMS370C358AFNL TMS370C358ANML 
TMS370CO52ANMT TMS370C358AFNT TMS370C358ANMT 


TMS370C352ANMA 
TMS370C352ANML 
TMS370C352ANMT 


TMS370C758AFNT TMS370C758ANMT 


TMS370C758BFNT TMS370C758BNMT 


TMS370CO59AFNAT 
TMS370CO59AFNLT 
TMS370CO59AFNTt 


TMS370CO56ANMA 
TMS370CO56ANML TMS370C759AFNTt 
TMS370CO56ANMT 


SE370C758BUNTF 


SE370C758AFZT+ SE370C758A JNTt 


TMS370C256AFNT 


Tt Only operate up to 3 MHz SYSCLK 
t System evaluators are for use only in prototype environment, and their reliability has not been characterized. 


SE370C759AFZT tt 
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new code release form 


Figure 19 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using TI standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: # 

No: (Std. spec to be followed) 
*If Yes: Customer must provide ’print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE 'A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
{] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
{] Supply Voltage MIN: ; Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 


: 7 as “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
kete.range.4.5V.t0.6.5V) options. See the TMS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
{]’L: 0° to 70°C (standard) [] N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[]’A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
i Bg ae —40° to 105°C {] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization {] YES []} NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in tirne for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
Tl spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this Tl custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: % 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 19. Sample New Code Release Form 
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Table 25 is a listing of all the peripheral file frames using the ’Cx5x (provided for a quick reference). 


Table 25. Peripheral File Frame Compilation 


BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
SYSTEM CONFIGURATION REGISTERS 


COLD OSC PF AUTO OSC FLT MC PIN MC PIN uP/uC 
START POWER WAIT FLAG WPO DATA MODE 
AUTOWAIT MEMORY 
DISABLE DISABLE 
HALT/ PWRDWN/ BUS CPU INT1. _ PRIVILEGE 
STANDBY | IDLE STEST | STEST NMI | __CODISABLE 
BT a eS 


| nse _| wom | - | — | — | rowan | enemy | enor 

FLAG PIN DATA POLARITY PRIORITY ENABLE 

nse _| pwomm | — | ommom | ommour | rovanny | enionny | eweoue 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 

| rite_| ewom | | oman | owmour | stir | rom | atin 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 

sl ee a 

ue fee | > ey dl we ee 

fager [wee | — | weep | wm | ee 4 


T To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


PF REG 


P010 SCCRO 


PO11 SCCR1 


P012 SCCR2 


P013 
P014 


PO15 
to 
P016 


EPCTLH 


PO17 INT1 


PO18 INT2 


PO19 INT3 


| EXE —_—| DEECTL 


PO1A 
P0O1B 
PO1C 
P01D 
PO1E 


EPCTLM 


EPCTLL 


PO1F 
P020 
P021 
P022 
P023 
P024 
P025 
P026 
P027 
P028 
P029 
PO2A 
P02B 
P02C 
P02D 
PO2E 
PO2F 


APORT1 
APORT2 
ADATA 
ADIR 
BPORT1 
BPORT2 
BDATA 
BDIR 
CPORT1 
CPORT2 
CDATA 
CDIR 
DPORT1 
DPORT2 
DDATA 
DDIR 
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Table 25. Peripheral File Frame Compilation (Continued) 


SPI MODULE CONTROL REGISTER 
RESET POLARITY FRATE2 RATE1 RATEO CHAR2 CHAR1 CHARO 
to Reserved 
P036 
to Reserved 
PO3C 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DIR 
TIMER 1 MODULE REGISTER 

Modes: Dual-Compare and Capture/Compare 
PO40 | Bit 15 T1 Counter MSbyte Bit8 | TICNTR 
P041 | Bit 7 T1 Counter LSbyte Bit 0 
P042 | Bit 15 Compare Register MSbyte Bit8 | T1C 
P043 | Bit 7 Compare Register LSbyte Bit 0 
P044 | Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
P045 | Bit 7 Capture/Compare Register LSbyte Bit 0 
PO46 | Bit 15 Watchdog Counter MSbyte Bit8 | WOCNTR 
P047 | Bit 7 Watchdog Counter LSbyte Bit 0 
PO48 | Bit 15 Watchdog Reset Key BitO | WORST 
poag | WO OVRFL eur | onpur | TLINPUT | ior 

SELECTat SELECTIt SELECTOt SELECT2 SELECT1 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 
Mode: Dual-Compare 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Capture/Compare 


Tt Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to the simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 
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Table 25. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
Mode: Capture/Compare (Continued) 


T1 T1C1 T1C1 TIEDGE T1EDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Modes: Dual-Compare and Capture/Compare 
T1EVT DATA | TI1EVT DATA TIEVT T1EVT DATA 
IN OUT FUNCTION DIR 

TIPWM T1PWM TIPWM TIPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 

DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 
ee eae ey ee eee 


SCi1 MODULE CONTROL REGISTER 
EVEN/ODD PARITY ASYNC/ ADDRESS/ 
STOP BITS PARITY ENABLE ISOSYNC IDLE WUP SCI CHAR2 | SCICHAR1 | SCICHARO {| SCICCR 
SCI SW 
CLOCK TXWAKE SLEEP TXENA RXENA SCICTL 
RESET 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUD7 BAUD6 BAUDS BAUD4 BAUD3 BAUD2 BAUD1 cay 
SCI TX 
RX SCI RX 


SCICLK SCICLK SCICLK SCICLK 
DATA IN DATA OUT FUNCTION DATA DIR 
SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 
ns - | - | - 


PF REG 


P04C T1CTL4 


P04D TIPC1 


PO4E TiPC2 


T1PRI 


PO50 


PO51 
BAUD 
MSB 


BAUD 
LSB 


P052 


P053 


P054 TXCTL 


PO55 RXCTL 


PO56 
P057 
P058 
PO59 


PO5A 
PO5B 
PO5C 


RXBUF 


TXBUF 


PO5D SCIPC1 


POSE SCIPC2 


PosF | SCISTEST 


PRIORITY | PRIORITY | ESPEN — SCIPRI 


T2A MODULE REGISTER 
Modes: Dual-Compare and Dual-Capture 


Bit 15 T2A Counter MSbyte Bit 8 
Bit 7 T2A Counter LSbyte Bit 0 


Bit 15 Capture Register 2 MSbyte Bit 8 
Bit 7 Capture Register 2 LSbyte Bit 0 


PO60 
P061 
PO62 
PO63 
P064 
PO65 
PO66 
P067 


T2ACNTR 


T2AC 


T2ACC 


T2AIC 
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Table 25. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Modes: Dual-Compare and Dual-Capture (Continued) 


PF REG 


T2A 
INPUT 
SELECT1 


T2A OVRFL- | T2A OVRFL 
INT ENA INT FLAG 


T2A INPUT 
SELECTO 


PO6A T2ACTL1 


Mode: Dual-Compare 
T2AEDGE1 T2AC2 T2AC1 T2AEDGE1 T2AC2 T2AC1 
INT FLAG INT FLAG NT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AC2 T2AC1 T2AEDGE1 | T2AEDGE1 | T2AEDGE1 | T2AEDGE1 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
T2AEDGE1 T2AEDGE2 T2AC1 T2AEDGE1 | T2AEDGE2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AEDGE2 | T2AEDGE1 | T2AEDGE2 | T2AEDGE1 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Modes: Dual-Compare and Dual-Capture 
T2AEVT T2AEVT T2AEVT T2AEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
T2A 
Ee Pee eee 


ADC1 MODULE CONTROL REGISTER 
CONVERT SAMPLE REF VOLT REF VOLT REF VOLT | AD INPUT AD INPUT AD INPUT 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 
AD INT 
A 


-to-D Conversion Data Register 


PO6B T2ACTL2 


PO6C T2ACTL3 


PO6B T2ACTL2 


PO6C T2ACTL3 


PO6D T2APC1 


PO6E T2APC2 


PO6F T2APRI 


P070 ADCTL 


PO71 ADSTAT 


P072 


P073 
to 
PO7C 


P07D 
PO7E 


ADDATA 
Reserved 


Port E Data Input Register ADIN 


ADENA 


Port E Input Enable Register 


AD 


PO7F ADPRI 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VociF, Voce, Vecg (see Note 2) .... eee eee eee cece tence eens -0.6Vto7V 
SEN vite ei i De ONC tie Sen isc ss ncaceinc an Vihdenaddada ake age anaes -0.6Vto7V 
SEE Rene he re Ne eet perry ay: —0.6Vto14V 

Input clamp current; Iq (Vj< OOF Vi>VCC1) .. 0+. eee eee eee ences eee ees ereerecnceees +20 mA 
QUID Charney CUNO Ene 4V 15 < OE Vir area). Sure Baccie piggies bs ee aches cnt» Carate ns aia ewes +20 mA 
Continuous output current per buffer, Io (Vo =0 to Voc4)8 «0... cece cece cece nent eee eens +10 mA 
EE AC eR yp 0 os 6 asl cod 35 0 EER Ds VAAG EP ES na CREA A A cash as te No eee oem 170 mA 
bee REEL yy. ol, SRR are SOL Caractere nae are gees: (ae ae eG SCS LIMO ERA -— 170 mA 
CORURLOUG DOWSr CISA 56. e epee cece Cert eT Iso ope nae) acd dav cs oe COMI es 1W 
Operating free-air temperature range, Ta. L version ........ 0... cece ec eee tenet eee 0°C to 70°C 
Oe tice ais tes bb a kind ckey es Say RAK Oe — 40°C to 85°C 

js ME Ra ES Rhy OOS) Beet arenes — 40°C to 105°C 

Storage temperature range, Tytg ....- eee eee cece eee e eee e teen ence eens eenenees —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


#Vcc1 = Voc 

§ Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified IO Current in any buffer 
can affect the levels on other buffers. 

NOTE 2: Unless otherwise noted, all voltage values are with respect to Vssj. 


recommended operating conditions 


as Supply voltage (see Note 2) 
RAM data-retention supply voltage (see Note 3) 
Vcoc2 Digital I/O supply voltage (see Note 2) 
Vcoc3 Analog supply voltage (see Note 2) 
Vss2__ Digital I/O supply ground 


Vss3 Analog supply ground 
VIL Low-level input voltage 


All pins except MC, XTAL2/CLKIN, and 
RESET 


High-level input voltage 


MC (mode control) voltage 13 13.2 13.5 
(soo Note 4) 
ciaina te ak se ‘ 


NOTES: 2. Unless otherwise noted, all voltage values are with respect to Vss1. 


3. RESET must be externally activated when Vcc or SYSCLK is not within the recommended operating range. 

4. The basic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedicated MC pin 
two system-clock cycles (tg) before RESET goes inactive (high). The WPO mode can be selected anytime a sufficient voltage is 
present on MC. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
VOL Low-level output voltage (see Note 5) lol = 1.4 mA ented Se Be 


lon 8 0.9V 
VOH High-level output voltage OH pA CC1 
IOH =-2 mA 2.4 


03 V<Vi<VoorOaV ee. 
MC : <Vis 


Voci-0aVsVi<vVoon0aV BEES «| 


Input current 


12V<V)<s13V See Note 6 


V 
V 
mA 
< LA 
lIOL Low-level output current (see Note 5) VoL = 0.4 V 
| Bu hive ene eRe AS BET ER 
IOH High-level output current 
VOH =2.4V 


TMS370Cx50A 
TMS370Cx52A eat 
og 
Hig Be 


I/O pins OV<Vi<Vcc1 +10 


SYSCLK = 5 MHz See Notes 7 and 8 


TMS370Cx56A 
TMS370Cx58A 
TMS370Cx58B 


TMS370Cx50A 
TMS370Cx52A 


TMS370Cx53A 
TMS370Cx56A | SYSCLK = 3 MHz 
TMS370Cx58A 
TMS370Cx58B 


TMS370Cx59AT 


TMS370Cx50A 
TMS370Cx52A 


TMS370Cx53A 
TMS370Cx56A 
TMS370Cx58A 
TMS370Cx58B 


TMS370Cx59AT 


Supply current 
(operating mode) 
OSC POWER bit = 0 
(see Note 9) 


TMS370C:x53A 
See Notes 7 and 8 
46 55 


loc 


Supply current 
(operating mode) 
OSC POWER bit = 0 
(see Note 9) 


SYSCLK = 0.5 MHz See Notes 7 and 8 


he 


1 


SYSCLK = 5 MHz, See Notes 7 and 8 


2 
SYSCLK = 3 MHz, See Notes 7 and 8 mA 
SYSCLK = 0.5 MHz, See Notes 7 and 8 


Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 10) 


17 
11 
Supply current (STANDBY mode) SYSCLK = 3 MHz, See Notes 7 and 8 


OSC POWER bit = 1 (see Note 11) SYSCLK =0.5MHz, See Notes 7 and 8 
Supply current (HALT mode) XTAL2/CLKIN <0.2 V, See Note 7 5 0.. nt Ca en SS 


Tt TMS370Cx59 only operate up to 3 MHz SYSCLK 
NOTES: 5. In prior versions of the TMS370 family, the lo, current was equal to 2 mA for ports A, B, C, and D and the RESET pin. 

6. Input current Ipp is a maximum of 50 mA only when the EPROM is being programmed. 

7. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or => Vcc — 0.2V. 

8. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. AtS5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

9. Maximum operating current for TMS370Cx50A and TMS370Cx52A = 7.6 (SYSCLK) + 7 mA. Maximum operating current for 
TMS370Cx53A, TMS370Cx56A, TMS370Cx58A, and TMS370Cx58B = 10 (SYSCLK) + 5.8 mA. 

10. Maximum standby current for TMS370Cx5xA = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 
11. Maximum standby current for TMS370Cx5xA and TMS370Cx5xB = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit = 1, valid only up 
to 3 MHz of SYSCLK.) 
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PARAMETER MEASUREMENT INFORMATION 


XTAL2/CLKIN 


XTAL2/CLKIN 


C3 
(see Note B) 


C1 Crystal/Ceramic C2 = 
(see Note B) ae Resonator a (see Note B) External 
‘ (see Note A) ; Clock Signal 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 
B. The values of C1 and C2 are typically 15 pF and C3 is typically 50 pF. See the manufacturer’s recommendations for ceramic 
resonators. 


Figure 20. Recommended Crystail/Clock Connections 


Load Voltage 
1.2 kQ 


Vo 
20 pF 


bis 


Case 1: Vo = VoH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = Voi = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 21. Typical Output Load Circuit (see Note A) 


Vcc 


Pin Data 


Output 
Enable 


Figure 22. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


A Address RXD SCIRXD 
AR Array S) Slave mode 
B Byte SC SYSCLK 
Cl XTAL2/CLKIN SCC SCICLK 
D Data SIMO SPISIMO 
E EDS SOMI SPISOMI 
FE Final SPC SPICLK 
IE Initial TXD SCITXD 
M Master mode W Write 
PGM Program WT WAIT 

R Read 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) r rise time 

d delay time Su setup time 

f fall time Vv valid time 

h hold time w pulse duration (width) 


The following additional letters are defined as follows: 


H High 
L Low 
V Valid 
Fs High impedance 


All timings are measured between high and low measurement points as indicated in Figure 23 and Figure 24. 


Be kas ae 0.8 Voc V (High) Rae EN 2 V (High) 
eee — —_ 0.8 V (Low) RIE _ _ 0.8 V (Low) 


Figure 23. XTAL2/CLKIN Measurement Points Figure 24. General Measurement Points 
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external clocking requirements for clock divided by 4T 


tw(Cl Pulse duration, XTAL2/CLKIN (see Note 12) 2 


io) Pe RN ee 
CLKIN+ Crystal operating frequency 
eC Sawer 


tT For Vi_ and Vjp, refer to recommended operating conditions. 

+’x59A operates up to 12 MHz CLKIN 

§°x59A operates up to 3 MHz SYSCLK 

I SYSCLK = CLKIN/4 

NOTE 12: This pulse can be either a high pulse which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<1 


+ 2 


$i 
— 


l\e—> 4 


SYSCLK / * 


Figure 25. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL)t 


twiCl Pulse duration, XTAL2/CLKIN (see Note 12) ae eee ee 
tcl Rise time, XTAL2/CLKIN eee ae 


HCI Fall time, XTAL2/CLKIN 
| 4 | ta(CIH-SCH) __ Delay time, XTAL2/CLKIN rise to SYSCLK rise Ser 
Rae CLKIN#® Crystal operating frequency , 


SYSCLK§ System clock! 


T For Vj and Vj, refer to recommended operating conditions. 

§°x59A operates up to 3 MHz SYSCLK 

#'¥59A operates up to 3 MHz CLKIN (for divide-by-1 clock option) 

ll SYSCLK = CLKIN/1 

NOTE 12: This pulse can be either a high pulse which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


+1 


XTAL2/CLKIN Sp eee ee ey ee 
| 


| | 
+ 2 7 | 
| 


ee 
—_ 


<—>+ 4 


SYSCLK SO Sis. ey ee ee aN 


Figure 26. External Clock Timing for Divide-by-1 
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general purpose output signal-switching time requirements 


oa a ee ee ee | 
(ste ee ee 
om OC ee 


= oe ae 
| 

aie || 
>| je tf 


Figure 27. Signal-Switching Timing 


recommended EEPROM timing requirements for programming 


Bs ee ae ee ee ee rn ee 
tw(PGM)B Pulse duration, programmirig signal to ensure valid data is stored (byte mode) 5 Ss a 
tw(PGM)AR Pulse duration, programmirig signal to ensure valid data is stored (array mode) ee eS 


recommended EPROM operating conditions for programming 


ee Se ee ee eee a See ee ee 

Vcc1 Supply voltage 4.75 5.5 6 
Vpp Supply voltage at MC pin 13° =. 182° = 435 
Ipp Supply current at MC pin during programming (Vpp = 13 V) ee ks oe ee 


Divdebya | 05S 
SYSCLK System clock — 
Diveiasigel 2p Seer e 


tw(EPGM Pulse duration, programming signal (see Note 13) 0.40 0.50 3 Ss 
NOTE 13: Programming pulse is active when both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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Figure 2) pharactensres and timing requirements for external read and write (see Figure 28 and 
Figure 29 


| Divide-by-4 clock 200 2000 
5 tc Cycle time, SYSCLK (system clock) _— 
Divide-by-1 PLL 200 500 
| 6 | twscL Pulse duration, SYSCLK low O.5te-25  05te | ns | 
tw(SCH Pulse duration, SYSCLK high 0.5t¢ 0.5tc+20| ns | 


Delay time, SYSCLK low to address R/W and OCF 
- td(SCL-A) aa 0.25t¢+75 cine 


Valid time, address to EDS, CSE1, CSE2, CSH1, aoe Se 
CSH2, CSH3, and CSPF low ds 


Hold time, address, R/W and OCF from EDS, CSE1, 0.5t--60 
CSE2, CSH1, CSH2, CSH3, and CSPF high ee 


th(EH-D)W Hold time, write data time from EDS high 0.75t.+15 \ one 2] 


Delay time, data bus high impedance to EDS low (read 


74 [taceip) Delay time, EDS high to data bus enable (eadoyel) ———SS~d Cn SCSC~*dC 
715 [ae.-pvja _Delaytime, EDSiowtoreaddatavald SS SCSC~—~—iSSSSC | 
[16 [nero Holdtime,readtine romEDStigh —CCCidT Sd 
717 Peugwr.scry Setup time, WATT time wo SYSCLKTigh ———SSCSCS~S~S~S~S OB C*dC 
[18 [inscu.wry Holdtime, WATT time fom SYSCLKhigh SSCS Cid 
Tie [aci.wry) Delaytime, EDSiowtoWATTvaia SSCS SCSCSC~« GO| ns 


Pulse duration, EDS, CSE1, CSE2, CSH1, CSH2, 
| 20 CSH3, and CSPF low te-80# to+40# Ene 


td(AV-DV)R Delay time, address valid to read data valid 1.5to—115 ase. 4 
td(AV-WTV Delay time, address valid to WAIT valid Gea See 
23 | td(AV-EH Delay time, address valid to EDS high (end of write) 1.5tp-85+ eS 


T tg = system-clock cycle time = 1/SYSCLK 

t If wait states, PFWait, or the autowait feature is used, add tg to this value for each wait state invoked. 

§ If the autowait feature is enabled, the WAIT input can assume a “don’t care” condition until the third cycle of the access. The WAIT signal must 
be synchronized with the high pulse of the SYSCLK signal while still conforming to the minimum setup time. 
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ae 
oo is I Pe oc | She, ARE SBE, ED 
| 
| | 


EDS, CSE1, CSE2, CSHi, | | : ef - | 
CSH2, CSH3, CSPF | cael 


DATA fs ait 
WAIT 
| 
R/W 


— | as eae 
OCF 


Figure 28. Switching Characteristics and Timing Requirements for External-Read 
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5 | | 


| 

| 

| | 

4p 8 | 
| 


| 
Sg Gee ec ee en ee a 20 ae 
EDS, CSE1, CSE2, CSH1, | | Fi 
CSH2, CSH3, CSPF 


DATA 


Figure 29. Switching Characteristics and Timing Requirements for External-Write 
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SCI1 isosynchronoust mode timing characteristics and requirements for internal clock 
(see Note 14 and Figure 30) 


Me yr ye, eye a 

Pat leece) — eaameecene coe ae | 
e245 OSigscoy45| ne 
26 [wscory Pulse duration, SCIGLK high ——S~S ga | nw 
27 [tascou-txbyy Delay time, SCITXD vaid ater SOICLKiow ——~—S~dCSCSCi OSS 
28 [wScon-TxD) Valid time, SCITXD data valid ater SCICLKTigh | twsccw=50 ids 
20 [tsupxo-soch) Setuptime, SCIRXD Io SCICLKigh __——~S~S~S~dC«t gS SSSC~*dSC 
[20 [wscon-Axd) Valid time, SCIRXD deta valdatter SCICUKnigh ———S*d SO SSSC~dC 


NOTE 14: tg = system-clock cycle time = 1/SYSCLK 
SS eS ee 


| 
| 
| | | 
} ee Se eet | 


| | 


| 
! ane eee 


wee Oey ciachiuat RXXKKKRKXXXXKXEKXXXXXKKK 
nati traci 
| 
| >| }¢-30 

so ED CED 


Figure 30. SCI1 Isosynchronoust Mode Timing for Internal Clock 


Tt lsosynchronous = Ilsochronous 
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SCI1 isosynchronoust mode timing characteristics and requirements for external clock 
(see Note 14 and Figure 31) 


[win MAK 

Sy keep omen | oo a ee 
0 
33 [wwsccuy Pulse duration, SCIGLK high __——SCSsSCSC~S~S~S~SsS QO SSSC*dSC 
[34 [ascou-txDy) Delay time, SCITXD valdaterSCIGLKIow ——S~sSCS*~CS*~S~« TA] 
[35 ['wsccH-TxD) Valid time, SCITXD deta validate SCICLKTigh ————~+Ytwscom dns 
36 [ewrxo-sccHy Setup tine, SCXD ioSCIGLKhigh CdS SSSC*d 
[a7 [wscon-axp) Valid time, SCIRXD data air SCICLK igh ———S~S Re SSSSC*dC 


NOTE 14: te = system-clock cycle time = 1/SYSCLK 
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Figure 31. SCI1 Ilsosynchronoust Timing for External Clock 


Tt lsosynchronous = lsochronous 
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SPI master mode external timing characteristics and requirements (see Note 14 and Figure 32) 


te(SPC)M Cycle time, SPICLK 
tw(SPCL)M Pulse duration, SPICLK low te - 45 
tw(SPCH)M Pulse duration, SPICLK high te — 55 


tv(SPCH-SIMO)M _ Valid time, SPISIMO data valid after SPICLK high (polarity =1) | tw(SPCH) — 50 
tsu(SOMI-SPCH)M Setup time, SPISOMI to SPICLK high (polarity = 1) 0.25 te + 150 


Valid time, SPISOMI data valid after SPICLK high 
'V(SPCH-SOMI)M (polarity = 1) 


td(SPCL-SIMOV)M Delay time, SPISIMO valid after SPICLK low (polarity = 1) 


NOTE 14: tc. = system-clock cycle time = 1/SYSCLK 


}¢———____— 33 —_—_—_—_—__» 
| | 
| 40 


| «—'39—>! | | 


| 
SPICLK seagate RESIN ne eereearemetes ee 
| 


isha ite i. Ste 


cvomo RD COO 


| 
t- 43 >| 
| wi ie 44 


XXX XX CEL SE Oe E SEER TEE EES EOE 
SPISOMI XOX) seeelsluieieicenieiceet 


NOTE A: The diagram shows polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 32. SPI Master External Timing 
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SPI slave mode external timing characteristics and requirements (see Note 14 and Figure 33) 


Ue re aD eee eee Pi 2.011 conte gi ae ee mee 
P Cycle time, SPICLK Bto 

Pas [iyseojs Cyclo time, SRIGL tes aathar Ble sing 2 apical 

45 0. 


ime as 
& [twispcns _Puse duration, SPICLKIow ———~—S ag SOSA] nw | 
a7 [wispcuys Pulse duration, SPICLKhigh SCS SOS RVG | Ts 
d(SPCL-SOMIIS Delay time, SPISOMI vad afer SPICLKTow polay=1) | _———9.25+ 190] ns 
[‘SPCH.SOM)s — Vali tme, SPISOMI data vad ater SPICLK high (polanty=) [wepcms «itn 

i Tre 


| 50 | tsu(SIMO-SPCH)S__ Setup time, SPISIMO to SPICLK high (polarity = 1) Gea Sea 
| 51 |tySPCH-SIMO)S __ Valid time, SPISIMO data after SPICLK high (polarity = 1) 3to + 100 


NOTE 14: t, = system-clock cycle time = 1/SYSCLK 


Re ee ee 
| | 
: +47 > 
| (aia ER | | 
SPICLK ie Manche uae Ue Names oe 
| 
| 


bois Win oe 


SPISIMO XXXXROXKY NNN 
| 
le 50 > 
| ~ je 51 
YX OX eee *) FETE S EES EE ORS 
OOOO) OR) 


C\ c\ 


SPISOMI 


NOTE A: The diagram shows polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 33. SPi-Slave External Timing 
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The ADC1 has a separate power bus for its analog circuitry. These pins are referred to as Vocg and Vssg. The 
purpose is to enhance ADC1 performance by preventing digital switching noise of the logic circuitry that can 
be present on Vss1 and Vcc; from coupling into the ADC1 analog stage. All ADC1 specifications are given with 
respect to Vssg unless otherwise noted. 


PORCINE Soe ete Cutt one hey ee ee Oe eee eid dee eave ns 8-bits (256 values) 
PRUNING = reir eet Se eT Te eae os ESRC E 6 TEE ETRE EOP T eB ERS TOE REE SES Yes 
IESRORIG. OCRIMSCIION OCG insite pasa vin ihe wwe me aery ee ore werd 00h to FFh (00 for VI < Vsgg <; FF for VI < Veer) 
Conversion tiie (axctuding Sampid fimi@) os oc. os oss a ces bes acdsee spite a a nbd nace paaeaueh ns wince autos 164 t. 


recommended operating conditions 


Vcoc3 Analog supply voltage 


Vss3_ Analog ground 
Vref  Non-Vocg referencet Voc3 Vcoc3+0.1 


Analog input for conversion Vss3 Vref 


t Vref must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time. 


operating characteristics over recommended ranges operating conditions 


PARAMETER | MIN MAX | UNIT 
Absolute accuracyt Voc3 = 5.5 V Vref = 5.1 V 
Differential/integral linearity errort + Voc3 = 5.5 V Vref = 5.1 V LSB 


come 
lcc3 Analog supply current 
[Nonconverting | CO 
eo Input current, ANO—-AN7 OVsV\/<5.5V ee ees F 


lref input charge current 


Ee ae oer eee 1 
| SYSCLK < 3 MHz ae ee ee 
Zref Source impedance of Vref 3 MHz < SYSGLK <5 MHz 


T Absolute resolution = 20 mV. At Vref = 5 V. this is one LSB. As Vref decreases, LSB size decreases; therefore, the absolute accuracy and 
differential/integral linearity errors in terms of LSBs increase. 
+ Excluding quantization error of 1/2 LSB 
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The ADC1 module allows complete freedom in design of the sources for the analog inputs. The period of the 
sample time is user-defined so that the high-impedance can be accommodated without penalty to the 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC1 control register 
(ADCTL.6) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START, 
ADCTL.7) is set to 1. After a hold time, the converter will reset the SAMPLE START and CONVERT START bits, 
signaling that a conversion has started and that the analog signal can be removed. 


analog timing requirements 


tsu(S Setup time, analog to sample command 


th(AN) | Hold time, analog input from start of conversion 
twiS Pulse duration, sample time per kilohm of source impedancet 


t The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum on time of 11s. 


q—_——_—_————. Analog Stable ——_—_——_> 
| | 


OCCU UMeMINe UULWEULULULULMLMLMLMLMLALALOLO 
nnaiog in RRR, RRR RRA 
| 
| 


— tsu(S) ! 


Sample Start 


<— tw(s) —> | 


Convert Start | | 


Figure 34. Analog Timing 
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Table 26 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the clevice part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 26. TMS370Cx5x Family Package Type and Mechanical Cross-Reference 


ana seein TMS370 GENERIC NAME biped sig ae DEVICE PART NUMBERS 


TMS370CO50AFNA 
TMS370CO50AFNL 
TMS370CO50AFNT 
TMS370C150AFNT 
TMS370C250AFNT 
TMS370C350AFNA 
TMS370C350AFNL 
TMS370C350AFNT 
TMS370CO52AFNA 
TMS370CO52AFNL 
TMS370CO52AFNT 
TMS370C352AFNA 
TMS370C352AFNL 
TMS370C352AFNT 
TMS370C452AFNA 
TMS370C452AFNL 
TMS370C452AFNT 
TMS370C353AFNA 
TMS370C353AFNL 
TMS370C353AFNT 
TMS370CO56AFNA 
PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED TMS370CO56AFNL 
(PLCC) CHIP CARRIER TMS370CO56AFNT 
TMS370C156AFNT 
TMS370C256AFNT 
TMS370C356AFNA 
TMS370C356AFNL 
TMS370C356AFNT 
TMS370C456AFNA 
TMS370C456AFNL 
TMS370C456AFNT 
TMS370C756AFNT 
TMS370CO58AFNA 
TMS370CO58AFNL 
TMS370CO58AFNT 
TMS370C358AFNA 
TMS370C358AFNL 
TMS370C358AFNT 
TMS370C758AFNT 
TMS370C758BFNT 
TMS370CO59AFNA 
TMS370CO59AFNL 
TMS370CO59AFNT 
TMS370C759AFNT 


SE370C756AFZT 
FZ — 68 pin CERAMIC LEADED CHIP CARRIER FZ(S-CQCC-J**) J-LEADED CERAMIC SE370C758AFZT 
(50-mil pin spacing) | (CLCC) CHIP CARRIER SE370C758BFZT 
SE370C759AFZT 
SE370C756AJNT 


SE370C758AJNT 
SE370C758BJNT 


FN — 68 pin 
(50-mil pin spacing) 


JN - 64 pin CERAMIC SHRINK DUAL-IN-LINE JN(R-CDIP-T64) CERAMIC DUAL-IN-LINE 
(70-mil pin spacing) | PACKAGE (CSDIP) PACKAGE 
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Table 26. TMS370Cx5x Family Package Type and Mechanical Cross-Reference (Continued) 


ih obplgic TMS370 GENERIC NAME teeth cag tf aip DEVICE PART NUMBERS 
(mil pin spacing) MECHANICAL NAME 


TMS370CO50ANMA 
TMS370CO50ANML 
TMS370CO50ANMT 
TMS370C350ANMA 
TMS370C350ANML 
TMS370C350ANMT 
TMS370CO52ANMA 
TMS370CO52ANML 
TMS370CO52ANMT 
TMS370C352ANMA 
TMS370C352ANML 
TMS370C352ANMT 
TMS370COS56ANMA 
TMS370CO56ANML 
TMS370CO56ANMT 
TMS370C356ANMA 
TMS370C356ANML 
TMS370C356ANMT 
TMS370C756ANMT 
TMS370CO58ANMA 
TMS370CO58ANML 
TMS370CO58ANMT 
TMS370C358ANMA 
TMS370C358ANML 
TMS370C358ANMT 
TMS370C758ANMT 
TMS370C758BNMT 


NM — 64 pin PLASTIC SHRINK DUAL-IN-LINE NM(R-PDIP-T64) PLASTIC SHRINK 
(70-mil pin spacing) | PACKAGE (PSDIP) DUAL-IN-LINE PACKAGE 


43 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 10-75 


TMS370Cx5x 
8-BIT MICROCONTROLLER 


SPNS010E —- DECEMBER 1986 — REVISED MARCH 1996 


bal TEXAS 
INSTRUMENTS 


10-76 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


General Information | 
_SelectionGuide/Tools 
Ops Cond/Timing/Glossary 
TMS370Cx0x Data Sheet ce 
TMS370Cx2x Data Sheet 
_TMS370Cx32 DataSheet 
'TMS370Cx36 DataSheet 
_ TMS370Cx4x Data Sheet o 
_TMS370Cx5x DataSheet 
_TMS370Cx7x Data Sheet 
_TMS370Cx8x Data Sheet _ 
_TMS370Cx9x Data Sheet 
TMS370CxAx Data Sheet 
_TMS370CxBx Data Sheet _ 
- TMS370CxCx Data Sheet 


MechanicalData ie—it«™s 


Quality and Reliability 


Electrostatic Discharge Guidelines — 
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@ CMOS/EEPROM/EPROM Technologies on a FN/FZ PACKAGE 
Single Device (TOP VIEW) 
— Mask-ROM Devices for High-Volume 5 
Production 2 


— One-Time-Programmable (OTP) EPROM 
Devices for Low-Volume Production 
— Reprogrammable EPROM Devices for 


T2BIC2/PWM 
T2BEVT 
D3/SYSCLK 
D4/R/W 


Prototyping Purposes D5 /CSPF 
@ internal System Memory Configurations DrfSSENAT 
— On-Chip Program Memory Versions INTH 
— ROM: 24K, 32K, or 48K Bytes INT3 
— EPROM: 32K or 48K Bytes SPISIMO 
— Data EEPROM: 256 Bytes cai 
— Static RAM: 1K or 3.5K Bytes seer 
— External Memory/Peripheral Wait States 
— Precoded External Chip-Select Outputs 
in Microcomputer Mode 
® Flexible Operating Features 
— Low-Power Modes: STANDBY and HALT 
— Commercial, Industrial, and Automotive ® Serial Peripheral Interface (SPI) 
Temperature Ranges - Variable-Length High-Speed Shift 
— Clock Options Register 
~ Divide-by-4 (0.5 MHz — 5 MHz SYSCLK) — Synchronous Master/Slave Operation 
— Divide-by-1 (2 MHz - 5 MHz SYSCLK) @ Flexible Interrupt Handling 
PLL — Two S/W Programmable Interrupt Levels 
— Supply Voltage (Vcc): 5 V+ 10% — Global- and Individual-interrupt Masking 
@ Ejight-Channel 8-Bit Analog-to-Digital — Programmable Rising- or Falling-Edge 
Converter 1 (ADC1) Detect 
@ Three 16-Bit General Purpose Timers @ TMS370 Series Compatibility 
~— Software Configurable as — Register-to-Register Architecture 
Three 16-Bit Event Counters, or — 256 General-Purpose Registers 
Three 16-Bit Pulse Accumulators, or — 14 Powerful Addressing Modes 
Five 16-Bit Input Capture Functions, or — Instructions Upwardly Compatible With 
Six Compare Registers, or All TMS370 Devices 
Three Self-Contained PWM Functions @ CMOS/Package/TTL-Compatible I/O Pins 
— One Timer Has an 8-Bit Prescaler, — 46 Bidirectional Pins, 9 Input Pins 
Providing a 24-Bit Real-Time Timer — 68-Pin Plastic and Ceramic Leaded Chip 
® On-Chip 24-Bit Watchdog Timer Carrier Packages 
— EPROM/OTP: Standard Watchdog — All Peripheral Function Pins Are 
— Mask-ROM Devices: Hard Watchdog, Software Configurable for Digital |/O 
Simple Counter, or Standard Watchdog ®@ Workstation/PC-Based Development 
@ Serial Communications Interface (SCI1) System 
— Asynchronous and Isosynchronoust — C Compiler and C Source Debugger 
Modes — Real-Time In-Circuit Emulation 


Extensive Breakpoint/Trace Capability 
Software Performance Analysis 
Multi-Window User Interface 
Microcontroller Programmer 


— Full Duplex, Double-Buffered RX and TX 
— Two Multiprocessor Communication 
Formats 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


Tt lsosynchronous = Isochronous 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments 
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Pin Descriptions 


DESCRIPTION+ 


ALTERNATE | PLCC 
FUNCTION | (68) 


Single-chip mode: Port A is a general-purpose bidirectional I/O port. 
Expansion mode: Port A can be individually programmed as the external bidirectional data 
bus (DATAO—DATA7). 


Single-chip mode: Port B is a general-purpose bidirectional I/O port. 
Expansion mode: Port B can be individually programmed as the low-order address output 
bus (ADDRO—ADDR’7). 


ADDR8& 
ADDR9 
ADDR10 
ADDR11 
ADDR12 
ADDR13 
ADDR14 
ADDR15 


Single-chip mode: Port C is a general-purpose bidirectional I/O port. 
Expansion mode: Port C can be individually programmed as the high-order address output 
bus (ADDR8—ADDR'15). 


External (nonmaskable or maskable) interrupt/general-purpose input pin 
External maskable interrupt input/general-purpose bidirectional pin 
External maskable interrupt input/general-purpose bidirectional pin 


ADC1 analog input (ANO—AN7) or positive reference pins (AN1—AN7) 
Port E can be programmed individually as general-purpose input pins if not used as ADC1 
analog input or positive reference input. 


Mode control (MC) pin. MC enables EEPROM write-protection override (WPO) mode, also 
EPROM Vpp. 


nternal oscillator crystal input/external clock source input 
nternal oscillator output for crystal 


ositive supply voltage 


ositive supply voltage 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Also, port D3 can be configured as SYSCLK. 
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Pin Descriptions (Continued) 


DESCRIPTIONt 


Ground reference for digital logic 
Ground reference for digital |/O logic 


Single-chip mode: Port D is a general-purpose bidirectional |/O port. Each of the 
port D pins can be configured individually as a general-purpose I/O pin, primary memory 
control signal (function A), or secondary memory control signal (function B). All chip 
selects are independent and can be used for memory-bank switching. See Table 1 for 
function A memory accesses. 


1/O pin A, B: Internal clock signal is 1/1 (PLL) or 1/4 XTAL2/CLKIN frequency 
1/O pin A, B: Read/write output pin 


ALTERNATE ‘| PLCC | / 
FUNCTION (68) 


Vss1 ee ee eee 
tee fn eS Sa 


FUNCTION 

A uy 
D3 58 
D4 Ww W 57 
D5 56 
D6 55 
D7 54 
30 


1/O pin A: Chip select peripheral output for peripheral file goes low during memory 
accesses 
1/O pin B: Reserved 


1/O pin A: Chip select half output 1 goes low during memory accesses 
1/O pin B: External data strobe output goes low during memory accesses from external 
memory and has the same timings as the five chip selects. 


1/0 pin A: Chip select eighth output goes low during memory accesses. 
1/O pin B: Wait-input pin extends bus signals. 


SCITXD SCIIO1 SCI transmit data output pin/ general-purpose bidirectional pin§ 

SCIRXD Scilo2 29 SCI receive data input pin/ general-purpose bidirectional pin 

SCICLK SCIIO3 28 SCI bidirectional serial clock pin/ general-purpose bidirectional pin 
Timer1 input capture/counter reset input pin/ general-purpose bidirectional pin 
Timer1 pulse width modulation (PWM) output pin/ general-purpose bidirectional pin 
Timer1 external event input pin/ general-purpose bidirectional pin 

T2AIC1/CR T2AI01 Timer2A input capture 1/counter-reset input pin/general-purpose bidirectional pin 


T2AIC2/PWM 
T2AEVT 


T2BIC1/CR 
T2BIC2/PWM 
T2BEVT 


SPISOMI 
SPISIMO 
SPICLK 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 also can be configured as SYSCLK. 
§ The three-pin configuration SCI is referred to as SCI1. 


T2AI02 
T2AI03 


T2Bl01 
T2BI02 
T2BI03 


SPIIO1 
SPIIO2 
SPIIO3 


Timer2A input capture 2/PWM output pin/ general-purpose bidirectional pin 
Timer2A external event input pin/ general-purpose bidirectional pin 


Timer2B input capture 1/counter-reset input pin/ general-purpose bidirectional pin 
Timer2B input capture 2/PWM output pin/ general-purpose bidirectional pin 
Timer2B external event input pin/ general-purpose bidirectional pin 


SPI slave output pin, master input pin/ general-purpose bidirectional pin 
SPI slave input pin, master output pin/ general-purpose bidirectional pin 
SPI bidirectional serial clock pin/ general-purpose bidirectional pin 


1/O 
1/O 
1/0 
27 
26 1/0 
25 


Table 1. Function A Memory-Access Locations for ‘x6x Devices 


TTT ee MA ae NS Gan Pea ee 
C 


CSE1 A000h — BFFFh (8K bytes) A000h — BFFFh (8K bytes) E000h — EFFFh (4K bytes) 
CSH1 C000h — FFFFh (16K bytes) 000h — FFFFh (16K bytes) FO00h — FFFFh (4K bytes) 
CSPF 10COh — 10FFh (64 bytes) 10COh — 10FFh (64 bytes) 10COh — 10FFh (64 bytes) 
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functional block diagram 


EO-E7 
aaa or 
INT1 INT2 INT3 XTAL1 XTAL2/ MC RESET ANO—AN7 
CLKIN 
ied Metis) oe Ch ens ay eee ih ae a i Wa als a gy 
Clock Options: bp 
Divide-by-4 or | System Control gaystotsh a 
Divide-by-1(PLL) 
Serial 
— Peripheral 
RAM Sees Interface 
1K or 3.5K Bytes c 
ce Serial 
Program Memo Communications 
M: 2 32K, of Interface 1 


ROM: 24K, 32K, or 
48K Bytes 
EPROM: 32K or 
48K Bytes 


Data EEPROM _ 
256 Bytes : EE 
= == 2B 


Vss2 Vcoc2 


description 


The TMS370C067, TMS370C068, TMS370C069, TMS370C768, TMS370C769, SE370C768, and 
SE370C769 devices are members of the TMS370 family of single-chip 8-bit microcontrollers. Unless otherwise 
noted, the term TMS370Cx6x refers to these devices. The TMS370 family provides cost-effective real-time 
control through integration of advanced peripheral function modules and various on-chip memory 


11-6 


configurations. 


Vcc3 


Vss3 


SPISOMI 
SPISIMO 
SPICLK 


SCIRXD 
SCITXD 
SCICLK 


T2BIC1/CR 
T2BEVT 
T2BIC2/PWM 


T2AIC1/CR 
T2AEVT 
T2AIC2/PWM 


T1IC/CR 
TIEVT 
TIPWM 


Vcc1 
Vssi 


The TMS370Cxé6x family of devices is implemented using high-performance silicon-gate CMOS EPROM and 
EEPROM technologies. The low-operating power, wide-operating temperature range, and noise immunity of 
CMOS technology, coupled with the high performance and extensive on-chip peripheral functions, make the 
TMS370Cx6x devices attractive in system designs for automotive electronics, industrial motor control, 


computer peripheral control, telecommunications, and consumer application. 
All TMS370Cx6x devices contain the following on-chip peripheral modules: 


@ 8-channel, 8-bit analog-to-digital converter 1 (ADC1) 
® Serial communications interface 1 (SCI1) 
@® Serial peripheral interface (SPI) 
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description (continued) 


@ One 24-bit general-purpose watchdog timer 
@ Three 16-bit general-purpose timers (one with an 8-bit prescaler) 


Table 2 provides a memory configuration overview of the TMS370Cx6x devices. 


Table 2. Memory Configurations 


DATA MEMORY | OPERATING 
(BYTES) MODES 


Prussrocoea | 2a | — | ok | 1K 
Prussrocosea | ax | — |. aK | «Kx | ose | v |v | N-pico 
woxt[ — | ox | 95K | 


PROGRAM 


OFF-CHIP 
MEMORY 
EXP. (BYTES) 


PACKAGES 
68-PIN PLCC/CLCC 


256 | 
Prussrocreaa «(| — +| ox | 2x | x | 256 |v |v | rn-pico 
Prussrocreoa__‘[ — | «at | ex [ask | a6 |v |v | n-pico 
[sesrocveaas | — | ox | 2K | «x | a6 |v |v | re-cico 
[sesrooveaaS | — | wat | ax ax | ose Pv Lecce 


t uC - Microcomputer mode 
LLP — Microprocessor mode 
+’x69 can only operate up to 3 MHz SYSCLK. 
§ System evaluators and development tools are for use only in a prototype environment, and their reliability has not been characterized. 


The suffix letter (A) appended to the device names shown in the device column of Table 2 indicates the 
configuration of the device. ROM or EPROM devices have different configurations as indicated in Table 3. ROM 
devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 3. Suffix Letter Configuration 


ae) eee WATCHDOG TIMER CLOCK LOW-POWER MODE 
EPROM A Standard Divide-by-4 (Standard oscillator) Enabled 


ROM A | Hard =: Diivide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


‘1l Refer to the “device numbering conventions” section for device nomenclature and the “device part numbers” section for ordering. 


The mask-programmable ROM in the associated TMS370C06x devices is replaced in the TMS370C76x with 
32K or 48K bytes of EPROM while all the other available memory and on-chip peripherals are identical. 
One-time-programmable (OTP) (TMS370C768 and TMS370C769) and reprogrammable devices (SE370C768 
and SE370C769) are available. 


TMS370C768 and TMS370C769 are OTP devices that are available in plastic packages. This microcomputer 
is effective to use for immediate production updates for other members of the TMS370Cx6x family or for 
low-volume production runs when the mask charge or cycle time for low-cost mask-ROM devices is not 
practical. 


The SE370C768 and SE370C769 have windowed ceramic packages to allow reprogramming of the program 
EPROM memory during the development/prototyping phase of design. The SE370C768 and SE370C769 
devices allow quick updates to breadboards and prototype systems while iterating initial designs. 
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description (continued) 


The TMS370Cx6x family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all central processing unit (CPU) activity (i.e., no instructions 
are executed). In the STANDBY mode, the internal oscillator and the general-purpose timer remain active. In 
the HALT mode, all device activity is stopped. The device retains all RAM data and peripheral configuration bits 
throughout both low-power mocles. 


The TMS370Cx6x features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx6x family is fully instruction-set 
compatible, allowing easy transition between members of the TMS370 8-bit microcontroller family. 


The SPI and the two operational modes of the SCI1 allow three methods of serial communications. The SCI1 
allows standard RS-232-C communications interface between other common data transmission equipment, 
while the SPI gives high-speed communications between simpler shift-register type devices, such as display 
drivers, ADC1, phase-locked loop (PLL), I/O expansion, or other microcontrollers in the system. 


For large memory applications, the TMS370Cx6x family provides an external bus with non-multiplexed address 
and data. Precoded memory chip-select outputs can be enabled, which allows minimum-chip-count system 
implementations. Wait-state support facilitates performance matching among the CPU, external memory, and 
the peripherals. All pins associated with memory expansion interface are individually software configurable for 
general purpose digital input/output (I/O) pins when operating in the microcomputer mode. 


The TMS370Cx6x family provides the system designer with an economical, efficient solution to real-time control 
applications. The TMS370 family extended development system (XDS™) and compact development tool 
(CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370Cx6x into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C language, and the output code can be generated by the linker. The TMS370 family 
XDS development tools communicate through a standard RS-232-C interface with an existing personal 
computer. This allows the use of the personal computer editors and software utilities already familiar to the 
designer. The TMS370 family XDS emphasizes extensive use of menus and screen windowing so that a system 
designer with minimal training can begin developing software. Precise real-time in-circuit emulation and 
extensive symbolic debug and analysis tools ensure efficient software and hardware implementation as well 
as reduced time-to-market cycle. 


The TMS370Cx6x family together with the TMS370 family XDS/22, CDT370, starter kit, software tools, the 
SE370C76x reprogrammable devices, comprehensive product documentation, and customer support provide 
a complete solution to the needs of the system designer. 


XDS and CDT are trademarks of Texas Instruments Incorporated. 
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The TMS370Cx6x has four operating modes, two basic modes with each mode having two memory 
configurations. The basic operating modes are the microcomputer and microprocessor modes, which are 
selected by the voltage level applied to the dedicated MC pin two cycles before RESET goes inactive. The two 
memory configurations then are selected through software programming of the internal system configuration 
registers. The four operating modes are the microcomputer single chip, microcomputer with external expansion, 
microprocessor without internal program memory, and microprocessor with internal program memory. These 
modes are described in the following list. 


Microcomputer single chip mode: 

— Operates as a self-contained microcomputer with all memory and peripherals on-chip 
— Maximizes the general-purpose I/O capability for real-time control applications 
Microcomputer with external expansion mode: 


— Supports bus expansion to external memory or peripherals, while all on-chip memory (RAM, ROM, 
EPROM, and data EEPROM) remains active 


— Configures digital I/O ports (ports A, B, C, and D) through software, under control of the associated port 
control, to become external memory as follows: 


— PortA: 8-bit data memory 
— Port B and Port C: 16-bit address memory 
— Port D: 5-bit control memory (pin not used as function A or B can be configured as I/O) 


— Utilizes the pins available (not used for address, data, or control memory) as general-purpose 
input/output by programming them individually 


— Lowers the system cost by not requiring an external address/data latch (address memory and data 
memory are nonmultiplexed) 


— Reduces external interface decode logic by using the precoded chip select outputs that provide direct 
* memory/peripheral chip select or chip enable functions 


— Function A maps up to 24K bytes of external memory into the address space by using CSE1 and CSH1 
as memory-bank selects under software control. 


— Function B maps up to 24K bytes of external memory into the address space by using EDS under 
software control. 


Microprocessor without internal program memory mode: 


— PortsA, B, C, and D (these ports are not programmable) become the address, data, and control buses 
for interface to external memory and peripherals. 


— On-chip RAM and data EEPROM remain active, while the on-chip ROM or EPROM is disabled. 
— Program area and the reset, interrupt, and trap vectors are located in off-chip memory locations. 
Microprocessor with internal program memory mode: 


— Configured as the microprocessor without internal program memory mode with respect to the external 
bus interface 


— Application program in external memory enables the internal program ROM or EPROM to be active in 
the system. (Writing a zero to the MEMORY DISABLED control bit (SCCR1.2) of the SCCR1 control 
register accomplishes this.) 


wp TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 11-9 


TMS370Cx6x 
8-BIT MICROCONTROLLER 


SPNS033B — SEPTEMBER 1995 — REVISED MARCH 1996 


memory/peripheral wait operation 


The TMS370Cx6x enhances interface flexibility by providing WAIT-state support, decoupling the cycle time of 
the CPU from the read/write access of the external memory or peripherals. External devices can extend the 
read/write accesses indefinitely by placing an active low on the WAIT input pin. The CPU continues to wait as 
long as WAIT remains active. 


Programmable automatic wait-state generation also is provided by the TMS370Cx6x on-chip bus controller. 
Following a hardware reset, the TMS370Cx6x is configured to add one wait state to all external bus transactions 
and memory and peripheral accesses, thus making every external access a minimum of three system clock 
cycles. The designer can disable the automatic wait-state generation if the AUTOWAIT DISABLE bit in SCCR1 
is set to 1. Also, all accesses to the upper four frames of the peripheral file can be extended independently to 
four system clock cycles if the PF AUTO WAIT bit in SCCRO is set to one. Programmable wait states can be 
used in conjunction with the external WAIT pin. In applications where the external device read/write access can 
interface with the TMS370Cx6x CPU using one wait state, the automatic wait-state generation can eliminate 
external WAIT interface logic, lowering system cost. 


11-10 


sa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx6x 
8-BIT MICROCONTROLLER 


SPNS033B — SEPTEMBER 1995 — REVISED MARCH 1996 


CPU 


The CPU used on TMS370Cx6x devices is the high-performance 8-bit TMS370 CPU module. The ’x6x 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’x6x instruction set is summarized in Table 22. Figure 1 illustrates the CPU registers 
and memory blocks. 


15 ais Counter = 0 


7 Stack Pointer (SP) 0 Legend: 
C=Carry 
N=Negative 
Status Register (ST Z=Zero 
Pe [N | z |v jie2| 1e1] — | — | V=Overflow 
y ey ies VERO cna’ Saag Sold, Boe IE2=Level2 interrupts Enable 


1E1=Level1 interrupts Enable 


0000h 


OOFFh 
0100h 


03FFh 
0400h 

ODFFh 
0E00h 
OFFFh 
1000h 

10BFh 
10COh 


10FFh 
1100h 


1EFFh 
1F00h 


1K-Byte RAM (0000h-03FFh) 


ai 
[seer co 


256-Byte Data EEPROM 


RAM (Includes 256-Byte Registers File) 


1FFFh 
2000h 


24K-Byte ROM (2000h-7FFFh) 


R127 
said a aes Be PG CE Aas Be toe te eRe wee en te eee] al 
7FBEh 


Interrupts and Reset Vectors; 
Trap Vectors 


® 32K-Byte ROM/EPROM (2000h-—9FFFh) 


48K-Byte ROM/EPROM (2000h-DFFFh) 


7FFFh 
8000h 


9FFFh 
A000h 


DFFFh 
E000h 
FFFFh 


Memory Expansion 


t Reserved means the address space is reserved for future expansion. 


Figure 1. Programmer’s Model 
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The ’x6x CPU architecture provides the following components: 
@ CPU registers: 
— Astack pointer that points to the last entry in the memory stack 


— Astatus register that monitors the operation of the instructions and contains the global-interrupt-enable 
bits 


— A program counter (PC) that points to the memory location of the next instruction to be executed 
@ Amemory map that includes : 


— 1K- or 3.5K-byte general-purpose RAM that can be used for data-memory storage, program 
instructions, general-purpose register, or the stack (can be located only in the first 256 bytes) 


— Aperipheral file that provides access to all internal peripheral modules, system-wide control functions, 
and EEPROM/EPROM programming control 


— 256-byte EEPROM module that provides in-circuit programmability and data retention in power-off 
conditions 


— 24K-, 32K-, or 48K-byte ROM or 32K-, or 48K-byte EPROM program memory 
stack pointer (SP) 


The SP is an 8-bit CPU register. The stack operates as a last-in, first-out, read/write memory. The stack is used 
typically to store the return address on subroutine calls as well as the status-register contents during interrupt 
sequences. 


The SP points to the last entry or to the top of the stack. The SP increments automatically before data is pushed 
onto the stack and decrements after data is popped from the stack. The stack can be located only in the first 
256 bytes of the on-chip RAM rnemory. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global-interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits: 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional-jump instructions) use these status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 


The ST register, status bit notation, and status bit definitions are shown in Table 4. 


Table 4. Status Registers 


7 6 5 4 3 2 1 0 
cae a a 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = read, W = write, 0 = value after reset 
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CPU (continued) 


program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most-significant byte (MSbyte) and least-significant byte (LSbyte) of a 16-bit address. 


The contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter during reset. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
6000h as the contents of memory locations 7FFEh and 7FFFh (reset vector). 


Program Counter 
Memory PCH PCL 


ie Bee. Sanaecnin SUR 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx6x architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. In the expansion mode, external memory peripherals are also memory-mapped into this 
common address. As shown in Figure 3, the TMS370Cx6x provides a 16 bit-address range to access internal 
or external RAM, ROM, data EEPROM, EPROM input/output pins, peripheral functions, and system-interrupt 
vectors. 


The peripheral file contains all input/output port control, on- and off-chip peripheral status and control, EPROM, 
EEPROM programming, and system-wide control functions. The peripheral file consists of 256 contiguous 
addresses located from 1000h to 10FFh. The 256 contiguous addresses are logically divided into 16 peripheral 
file frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through which peripheral 
control and data information is passed. The TMS370Cx6x has its on-chip peripherals and system control 
assigned to peripheral file frames 1 through 8, addresses 1010h through 108Fh. 
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memory map (continued) 


*X69 ‘X68 ’X67 *X69 'X68 ’X67 *X69 ’X68 ‘X67 Peripheral File Control Registers 


Reenved 1000h—100Fh 
1010h—101Fh 
1020h—102Fh 


1K-Byte RAM 
(0000h-03FFh) 


3.5K-Byte RAM 1030h-103Fh 
(0000h-ODFFh) Timer 1 Peripheral Contr. | 4949h-104Fh 


se GeaEs F See imer 2A Peripheral Contr§ 49g0h-106Fh 
ibgege } x 1070h-107Fh 
: ni Od F EAL 7 } 4080h-108Fh 


Reservedt Reserved 
7FBEh-7FBFh 


256-Byte Data EEPROM 7FCOh-7FCFh 
(1F0O0h—1FFFh) 


Not Availablet External$ 


Reservedt Reservedt 


7FEOh—7FEBh 
7FECh-7FEDh 
24K-Byte ROM 
(2000h-7FFFh) 7FEEh-—7FEFh 
7FFOh—7FF1h 
Interrupts and Reset 7FF2h-7FF3h 
External§ Voss ip meow 7FF4h-7FF5h 
32K-Byte ROM/EPROM 7FF6h-7FF7h 
(2000h-9FFFh) 
ae es ras a 7FF8h-7FF9h 
48K-Byte ROM/EPROM 
: (2000h-DFFFh) 7FFAh—7FFBh 
7FFCh-7FFDh 
Not Availablet 
External$ External§ 
(N/A) ae his 7FFEh-7FFFh 
Microcomputer Microcomputer Microprocessor With Microprocessor Modell 
Single Chip Mode Mode With External Internal Program 
Expansion Memory 


On-Chip For TMS370Cx69 Devices On-Chip For TMS370Cx68 Devices 


><] On-Chip For TMS370Cx67 Devices 


t Reserved = the address space is reserved for future expansion. 

+ Not available (N/A) = address space is unavailable in the mode illustrated. 

§ Precoded chip select outputs available on external expansion bus. 

1l Microprocessor mode is designed for ROM-'ess devices. ROM and EPROM devices also can be used in this mode, but all on-chip memory is 
ignored. 


Figure 3. TMS370Cx6x Memory Map 
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RAM/register file (RF) 


Locations within RAM address space can serve as either register file or general-purpose read/write memory, 
program memory, or stack instructions. The TMS370Cx67 and TMS370Cx68 devices contain 1K bytes of 
internal RAM, mapped beginning at location 0000h and continuing through location O3FFh, which is shown in 
Table 5 along with ’x69 devices. 


Table 5. RAM Memory Map 


RAM Size 1K Bytes 3.5K Bytes 
Memory Mapped 0000h — O3FFh 0000h — ODFFh 


The first 256 bytes of RAM (0000h — OOFFh) are register files, RO through R255 (see Figure 1). The first two 
registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly use register A 
or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the stack pointer 
is contained in register B. Registers A and B are the only registers cleared on reset. 


peripheral file (PF) 


The TMS370Cx6x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or by P for a decimal designator. For example, the system control register 0 (GCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal designator is P16. Table 6 
lists the TMS370Cx6x peripheral files. 


Table 6. TMS370Cx6x Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


data EEPROM 


The TMS370Cx6x devices contain 256 bytes of data EEPROM, and the memory is mapped beginning at 
location 1FOOh and continuing through location 1FFFh. 


Writing to the data EEPROM module is controlled by the data-EEPROM control register (DEECTL) and the 
write-protection register (WPR). Programming algorithm examples are available in the 7MS370 Family User’s 
Guide (literature number SPNU127) or the TMS370 Data Manual (SPNS014B). The data EEPROM features 
include the following: 


@® Programming: 


— Bit, byte, and block write/erase modes 
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data EEPROM (continued) 


— Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the data EEPROM control register 
(DEECTL) located in the PF frame beginning at location PO1A. 


—  In-circuit programming capability: There is no need to remove the device to program it. 
@ Write-protection: Writes to the data EEPROM are disabled during the following conditions: 
— Reset: All programming of the data EEPROM module is halted. 
— Write protection active: there is one write-protect bit per 32-byte EEPROM block. 
— Low-power mode operation 
@® Write protection can be overridden by applying 12 V to MC. 


Table 7 shows the memory map of the control registers. 


Table 7. Data EEPROM and Program EPROM Control Registers Memory Map 


SYMBOL NAMETt 
EPCTLH Program EPROM control register — high array 


ee eee ee 
ae eet ee 
So ee oe ee ee 


T For the 24K- and 32K-byte EPROM device, the program memory is controlled by PO1C and PO1E; for the 48K-byte EPROM device, the program 
memory is controlled by P014, PO1C, and PO1E. 


program EPROM 


The ‘370C767 program EPROM consists of 24K bytes that are made up of one 16K-byte array and one 8K-byte 
array of EPROM; the 16K-byte array is located at address locations 2000h through 5FFFh, and the 8K-byte 
array is located at address locations 6000h through 7FFFh. The ‘370C768 program EPROM consists of 32K 
bytes that are made up of two 16K-byte arrays of EPROM; the first 16K-byte array is located at address locations 
2000h through 5FFFh, and the second 16K-byte array is located at address locations 6000h through 9FFFh. 
The ’370C769 program EPROM consists of 48K bytes that are made up of three 16K-byte arrays of EPROM; 
the first 16K-byte array is located at address locations 2000h through 5FFFh, the second 16K-byte array is 
located at address locations 6000h through 9FFFh, the third 16K-byte array is located at address locations 
AOOOh through DFFFh as shown in Table 8. 
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program EPROM (continued) 


Table 8. EPROM Memory Map 
oe oe ee ee ee 


arden 24K Bytes 32K Bytes 48K Bytes 

Memory 16K 8K First 16K Second 16K First 16K Second 16K Third 16K 

mapped 2000h—5FFFh | 6000h—7FFFh | 2000h—5FFFh | 6000h—9FFFh | 2000h—5FFFh | 6000h—-9FFFh | AOOOh—DFFFh 

Contol EPCTLL EPCTLM EPCTLL EPCTLM EPCTLL EPCTLM EPCTLH 

registers PO1E PO1C PO1E PO1C PO1E P01C P014 
The EPROM memory map in Table 8 expresses the following: 


— For the 24K-byte EPROM, the 16K-byte array is controlled by EPCTLL register, located at 101Eh 
(PO1E); the 8K-byte array is controlled by EPCTLM register, located at 101Ch (PO1C). 


— For the 32K-byte EPROM, the first 16-byte array is controlled by EPCTLL register, located at 101Eh 
(PO1E); the second 16K-byte array is controlled by EPCTLM register, located at 101Ch (P01C). 


— Forthe 48K-bytes EPROM, the first 16K-byte array is controlled by EPCTLL register, located at 101Eh 
(PO1E); the second 16K-byte array is controlled by EPCTLM register, located at 101Ch (P01C); the third 
16K-byte array is controlled by EPCTLH register, located at 1014h (P014). 


Reading the program-EPROM modules is identical to reading other internal memory. During programming, the 
EPROM is controlled by the EPCTL. The program EPROM modules’ features include: 


@ Programming 
—  In-circuit programming capability if Vpp is applied to MC 


— Control register: Program EPROM programming is controlled by the program EPROM control registers 
(EPCTLL, EPCTLM, and EPCTLH) located in the PF frame as shown in Table 7. 


— Programming one EPROM module while executing the other 
@® Write protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset: All programming to the EPROM module is halted. 
— Low-power modes 
— 13V not applied to MC 
program ROM 


The program ROM consists of 24K, 32K or 48K bytes of mask-programmable ROM. The program ROM is used 
for permanent storage of data or instructions. Programming of the mask ROM is performed at the time of device 
fabrication. Table 9 shows the program ROM memory map. 


Table 9. ROM Memory Mapt 


ROM Size 24K Bytes 32K Bytes 48K Bytes 
Memory Mapped 2000h — 7FFFh 2000h — 9FFFh 2000h — DFFFh 


t Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments Incorporated. Memory addresses 7FBEh through 7FBFh and 
7FECh through 7FFFh are reserved for interrupts and reset vectors. Trap vectors, used with TRAPO through TRAP 15 instructions, are located 
at addresses 7FCOh and 7FCFh. 
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system reset 


[—sccro | 1010» | Pow [ 4 | OSCFLTFLAG | Osellatoroutof range 
[rere | tosan [Pasa 5 | WD OVRFL INT FLAG | Watchdog ter timeout 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx6x CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
internally generated, while one (RESET) is controlled externally. These actions are as follows: 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer timeout . See the 7MS370 Family 
User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual (literature number 
SPNS014B) for more information. 


@ Oscillator reset. Reset occurs when the oscillator operates outside the recommended operating range. See 
the TMS370 Family User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual 
(literature number SPNSO14B) for more information. 


@ External RESET Pin. A low level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 Family User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual (literature 
number SPNSO14B) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x6x device to reset external system components. Additionally, if a cold start (Vcc is off 
for several hundred milliseconds) condition or oscillator failure occurs or RESET pin is held low, then the reset 
logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator fault flag (OSC FLT FLAG, SCCRO.4), the cold start flag 
(COLD START, SCCRO.7) and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 10 lists the reset sources. 


Table 10. Reset Sources 


BIT NO. CONTROL BIT SOURCE OF RESET 
yf COLD START Cold (power-up) 
4 


Once a reset is activated, the following sequence of events occurs: 

The CPU registers are initialized: ST = 00h, SP = O1h (reset state). 

Registers A and B are initialized to OOh (no other RAM is changed). 

The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


Program execution begins with an opcode fetch from the address pointed to by the PC. 


a ae A Ma 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. During RESET, the two basic operating modes which are the 
microcomputer and microprocessor modes can be selected by applying the desired voltage level to the 
dedicated MC pin two cycles before RESET goes inactive. See the mode section for operating modes 
description. 


RESET must be held low until the clock signal is valid and Vcc is within the operating range, when an external 
reset circuit is connected to RESET. Figure 4 shows a typical reset circuit. 
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To Other Device Resets 
Vcc 


TMS370 


Reset In 


l¢ Reset Out 


Manual 
Reset 


Figure 4. Typical Reset Circuit 


interrupts 


The TMS370 family software programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be independently masked by the global-interrupt mask bits (IE1 and IE2) of 
the status register. 


Each system interrupt is independently configured to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is selectively configured on either the high-or-low 
priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion for future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370Cx6x has ten hardware system interrupts (plus RESET) as shown in Table 11. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. A system interrupt can have multiple interrupt sources (e.g., SCl RXINT has two interrupt 
sources). All of the interrupt sources are individually maskable by local interrupt-enable control bits in the 
associated PF. Each interrupt source FLAG bit is individually readable for software polling or to determine which 
interrupt source generated the associated system interrupt. Interrupt control block diagram is illustrated in 
Figure 5. 
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interrupts (continued) 


EXT INT 3 


0 


INT3 PRI 


EXT INT 2 


TIMER 2B TIMER 2A TIMER 1 

Overflow Overflow Overflow 

ae ayn ¢ eT oi 
Compare Compare Compare 

: E: Ext Ed 
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Py walter 
Compare2 Compare2 Compare2 


( 
Input Capture 1 Input Capture 1 Input Capture 1° 
Q p - 


Input Capture 2 
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Input Capture 2 Watchdog 
——o-¢ 
Priority 


Logic 
ae : 1E1 
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T2A PRI 


: Level 2 INT 
a AD INT : d a SPI INT i 
AD PRI TX RX SPI PRI 
TXPRI_ | | RXPRI 
xo} be So _BRKDT 
TXRDY 
A/D wast, > No AXRDY SPI ert 


Figure 5. Interrupt Control 


Seven of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are 
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 
control registers in PF frame 1. Each external interrupt is individually software configurable for input polarity 
(rising or falling edge) for ease of system interface. External interrupt INT1 is software configurable as either 
a maskable or non-maskable interrupt. When INT1 is configured as nonmaskable, it cannot be masked by the 
individual- or global-enable-mask bits. Recall that the INT1 NMI bit is protected during non-privileged operation 
and therefore should be configured during the initialization sequence following reset. To maximize pin flexibility, 
external interrupts INT2 and INT3 can be software configured as general-purpose input/output pins if the 
interrupt function is not required (INT1 can be similarly configured as an input pin). Table 11 shows the 
interrupt-vector sources, corresponding addresses, and hardware priorities. 
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interrupts (continued) 


Table 11. Hardware-System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
External RESET COLD START 
Watchdog overflow WD OVREFL INT FLAG RESET+ 7FFEh, 7FFFh 1 
Oscillator fault detect OSC FLT FLAG 


Enema) INA |, eee 
[SPIRNTX complete _———~«*zSPIINTFLAG_——~—~S*dSSSPNT | vero 7erm | 5 


Timer 1 overflow T1 OVRFL INT FLAG 
Timer 1 compare 1 T1C1 INT FLAG 
Timer 1 compare 2 T1C2 INT FLAG 
Timer 1 external edge T1EDGE INT FLAG THINTS TEER Eon 
Timer 1 input capture 1 T1IC1 INT FLAG 
Watchdog overflow WD OVREL INT FLAG 
Timer 2A compare 2 T2AC2 INT FLAG 
Timer 2B overflow T2B OVRFL INT FLAG 
T2BINT 7FBEh, 7FBFh 11 
Timer 2B input capture 2 T2BIC2 INT FLAG 


Timer 2A external edge T2AEDGE INT FLAG 
Timer 2B compare 1 T2BC1 INT FLAG 
T Relative priority within an interrupt level 
privileged operation and EEPROM write-protection override 


Timer 2A overflow T2A OVRFL INT FLAG 

T2AINT 7FEEh, 7FEFh 
Timer 2A input capture 2 T2AIC2 INT FLAG 
Timer 2B external edge T2BEDGE INT FLAG 


Timer 2A compare 1 T2AC1 INT FLAG 
ADC1 conversion complete AD INT FLAG ADINT 7FECh, 7FEDh 
Timer 2B input capture 1 T2BIC1 INT FLAG 


[SCITX data register empty ——*‘(|TXRDYFLAG———~+Y TNT | __7FFOR7FFIn_ | 8 
Timer 2A input capture 1 T2AIC1 INT FLAG 

Timer 2B compare 2 T2BC2 INT FLAG 

+ Release microcontroller from STANDBY and HALT low-power modes 


§ Release microcontroller from STANDBY low-power mode 


The TMS370Cx6x family has significant flexibility to enable the designer to software-configure the system and 
peripherals to meet the requirements of a broad variety of applications. The nonprivileged mode of operation 
ensures the integrity of the system configuration, once it is defined for an application. Following a hardware 
reset, the TMS370Cx6x operates in the privileged mode, where all peripheral file registers have unrestricted 
read/write access, and the application program configures the system during the initialization sequence 
following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) should be set 
to 1 to enter the nonprivileged mode, disabling write operations to specific configuration control bits within the 
peripheral file. Table 12 lists the system configuration bits that are write-protected during the nonprivileged 
mode and must be configured by software prior to exiting the privileged mode. 
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privileged operation and EEPROM write-protection override (continued) 


Table 12. Privileged Bits 


REGISTERT 
CONTROL BIT 
|} NAME | LOCATION 
Poi0.5 | PF AUTOWAIT 
SCCRO Po10.6 |OSC POWER 
P0112 | MEMORY DISABLE 
AUTOWAIT DISABLE 


POSF.5 SPI ESPEN 
POSF.6 SPI PRIORITY 
POSF.7 SPI STEST 


SCI ESPEN 
SCIRX PRIORITY 
SCITX PRIORITY 
SCI STEST 


PO4E6._—*(| T1 PRIORITY 
TIPRI Po4E7 =| T1STEST 
PO6F6 _—| T2A PRIORITY 
T2APRI POGE7 T2A STEST 
PO7E5 | ADESPEN 
ADPRI Po7F6 ~—SY| AD PRIORITY 
Po7E7 ~—-| ADSTEST 
Posr6 | T2B PRIORITY 
T2BPRI PO8E7 T2B STEST 


t The privileged bits are shown in a bold typeface in Table 14. 


The write-protect override (WPO) mode provides an external hardware method of overriding the 
write-protection registers of data EEPROM on the TMS370Cx6x. The WPO mode is entered by applying a 12-V 
input to MC after RESET input goes high (logic 1). The high voltage on MC during the WPO mode is not the 
programming voltage for the cata EEPROM or program EPROM. All EEPROM programming voltages are 
generated on-chip. The WPO mode provides hardware system-level capability to modify the content of the data 
EEPROM while the device remains in the application but only while requiring a 12-V external input on the MC 
pin (normally not available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370Cx6x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls which low-power mode is entered. 
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In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, timer 1, and the receive start-bit detection circuit of the serial 
communications interface remain active. System processing is suspended until a qualified interrupt (hardware 
RESET, external interrupt on INT1, INT2, INT3, timer 1 interrupt, or low level on the receive pin of the serial 
communications interface) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370Cx6x is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET, external interrupt on the INT1, INT2, INT3, or low level 
on the receive pin of the serial communications interface) is detected. The low-power mode selection bits are 
summarized in Table 13. 


Table 13. Low-Power/Idle Control Bits 


POWER-DOWN CONTROL BITS 
PWRDWNI/IDLE | HALT/STANDBY MODE SELECTED 
(SCCR2.6) (SCCR2.7) 
1 


SLES A EN NRT TT 


X = don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an idle instruction executes when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is automatically enabled 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI always is generated, regardless of the interrupt-enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (stack pointer, program counter, and status register), I/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU instruction processing is stopped during the 
STANDBY and HALT modes, the clocking of the watchdog timer is inhibited. 


clock modules 


The ‘x6x family provides two clock options which are referred to as divide-by-1 (PLL) and divide-by-4 (standard 
oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the manufacturing process of 
a TMS370 microcontroller. The ‘x6x ROM-masked devices offer both options to meet system engineering 
requirements. Only one of the two clock options is allowed on each ROM device. An EPROM has only the 
divide-by-1. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a 1-to-1 match between the external resonator frequency and the internal system clock 
(SYSCLK) frequency. The divide-by-4 produces a SYSCLK which is one-fourth the frequency of the external 
resonator. Inside the divide-by-1 module, the frequency of the external resonator is multiplied by four. The clock 
module then divides the resulting signal by four to provide the four-phased internal system clock signals. The 
resulting SYSCLK is equal to the resonator frequency. The frequencies are formulated as follows 
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clock modules (continued) 


Divide-by-4 option : SYSCLK = Semel resondtor Trequency _ CLKIN 


Divide-by-1 option + SYSCLK- 4 Seema tesonator Wrequancy_x 4 deal OQURNEY ES CLION 


The main advantage of choosing a divide-by-1 oscillator is the improved EMI performance. The harmonics of 
low-speed resonators extend through less of the emissions spectrum than the harmonics of faster resonators. 
The divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a 
steeper decay of emissions produced by the oscillator. 


system configuration registers 


Table 14 contains system configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in bold typeface and shaded. 


Table 14. Peripheral File Frame 1: System Configuration Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


COLD OSC PF AUTO | OSC FLT MC PIN MC PIN uP/uC 
START POWER WAIT FLAG WPO DATA MODE 


REG 


SCCRO 


SCCR1 


Pott AUTOWAIT a 
DPAeLe DISAB 
ae aos de oS 
po{ eusy | vers | — | — | — | — | Wo | exe |ercnH 
P0O15 
to Reserved 
P016 
PO17 INT1 INT1 INT1 INT1 INT1 INT4 
FLAG PIN DATA POLARITY | PRIORITY ENABLE 
Po18 INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 
Po19 INT3 INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA Sree DATA OUT | POLARITY | PRIORITY ENABLE 
oAl su | | [| ae | wiwo | exe  |peeon 
poc|_susy_] vers | — | — | — | -— | wo | exe |ePcTM 
PO01D 
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digital port control 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 15 lists the specific 
addresses, registers, and control bits within this peripheral file frame. 


Table 15. Peripheral File Frame 2: Digital Port Control Registers 


REG 


P026 Port B Data BDATA 
P027 Port B Direction BDIR 
P028 Reserved CPORT1 
P029 Port C Control Register 2 CPORT2 
PO2A Port C Data CDATA 
P02B Port C Direction CDIR 
oo | CMR Ll epee DROME 


t To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


Table 16. Port Configuration Register Setup 


XPORT1 = oT XPORT1 = oT XPORT1 = oT XPORT1 = it 
XPORT2 = 0 XPORT2 = 0 XPORT2 = 1 XPORT2 = 1 
XDATA = y XDATA = q XDATA = x XDATA = x 
XDIR =0 XDIR = 1 XDIR = x XDIR = x 


Data In y Data Out gq Low ADDR 


SYSCLK SYSCLK 
B/W RW 
Data In y Data Out q CSPF ae 
CSH1 EDS 
CSE1 WAIT 


XPORT1 = 1 
XPORT2 = 


Not defined 
XDATA = x 
XDIR = x 


Tt DPORT only 
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timer 1 module 


The programmable timer 1 (T1) module of the TMS370Cx6x provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers (T1 and WD) allow program selection of input clock 
sources (real-time, external-event, or pulse-accumulate) with multiple 16-bit registers (input-capture and 
compare) for special timer function control. The T1 module includes three external device pins that can be used 
for multiple counter functions (operation mode dependent) or used as general-purpose I/O pins. The T1 module 


is shown in Figure 6. 
Edge 
Select 
16-Bit 
Counter 


16-Bit 
Capt/Comp 
Register 


T1IC/CR 


8-Bit 
Prescaler 
Interrupt 
Logic 


16-Bit 
Watchdog Counter 


(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins 
— T1IC/CR: Timer 1 input capture/counter reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: Timer 1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: Timer 1 event input pin, or general-purpose bidirectional I/O pin 
@ Two operation modes: 
— Dual-—compare mode: Provides PWM signal 
— Capture/compare mode: Provides input capture pin 
One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either 
capture or compare register 


@ One 16-bit watchdog counter can be used as an event counter, a pulse accumulator, or an interval timer 
if watchdog feature is not needed. 


@ Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 
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timer 1 module (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR) 


@ Interrupts that can be generated on the occurrence of: 
— Acapture 
— Acompare equal 
— Acounter overflow 
— Anexternal edge detection 


@ Sixteen Ti module control registers: Located in the PF frame beginning at address P040 
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timer 1 module (continued) 


Table 17 shows the T1 module control register memory map. 


Table 17. Timer 1 Module Register Memory Map 


PF REG 
Modes: Dual-Compare and Capture/Compare 
PO40 | Bit 15 T1 Counter MSbyte Bit8 |} TICNTR 
P041 | Bit7 T1 Counter LSbyte Bit 0 
P042 | Bit 15 Compare Register MSbyte Bit8 | T1C 
P043 | Bit 7 Compare Register LSbyte Bit 0 
P044 | Bit 15 Capture/Compare Register MSbyte Bit8 | T1CC 
P045 | Bit 7 Capture/Compare Register LSbyte Bit 0 
P046 | Bit 15 Watchdog Counter MSbyte Bit8 | WOCNTR 
P047 | Bit7 Watchdog Counter LSbyte Bit 0 
PO048 | Bit 15 Watchdog Reset Key BitO | WORST 
poag | WOOVRFL | pyr eur | input | TUINPUT | oscr 
SELECT2T | SELECT1T | SELECToT SELECT2 | SELECT1 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 
Mode: Dual-Compare 
MODE=0 | OUTENA OUT ENA RST ENA OUT ENA | POLARITY | RSTENA DET ENA 
Mode: Capture/Compare 
Modes: Dual-Compare and Capture/Compare 
DATA IN DATA OUT | FUNCTION | DATADIR DATA IN DATA OUT | FUNCTION | DATADIR 


Tt Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 
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timer 1 module (continued) 


The timer 1 capture/compare mode block diagram is illustrated in Figure 7. The annotations in Figure 7 identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 
bit 0, in the T1CTL2 register. 


T1CC.15-0 
| Cane Gann ae T1C1 
i cosong Register MSB OUT ENA T1PC2.7-4 
Source T1CTL4.6 <T1iPwM> 
TICNTR. 15-0 
LSB 16-Bit 


MSB Counter 


& Reset 
T1 SW 


RESET 


TICTL2.0 T1C1 
RST ENA 


T1C1 INT FLAG 


16-Bit LSB 


T1C1 INT ENA 
Compare 


Register MSB 


T1 OVREL INT FLAG 


T1 OVRFL INT ENA 


—. T1EDGE DET ENA 


T1EDGE INT FLAG 


TIEDGE INT ENA 


T1EDGE POLARITY 


Figure 7. Capture/Compare Mode 
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timer 1 module (continued) 


The timer 1 dual-compare mode block diagram is illustrated in Figure 8. The annotations in Figure 8 identify the 
register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 
bit 0, in the T1CTL2 register. 


16-Bit T1C2 INT FLAG 
Capt/Comp 
rey Register MSB T1CTL3.6 Output 


TICTL3.1 Enable 


T1C2 INT ENA 


Source LI 


aaa 


T1CTL4.5 
T1PC2.7-4 


OF -6 
T1C2 OUT ENA 


LSB 16-Bit © 
use counter TiC INT FLAG TICTL4.6) | > <CT1pwM > 
TICTL3.5}0o O OO 2 
ae TICTL3.0 T1C1 OUT ENA 
T1SW mek 4 T1C.15-0 {> T1CTL4.3 
aioe ar Se T1C1 INT ENA 
TICTL2.0 FicTea4 Compare TICR OUT ENA 


Register MSB 


O 
T1 OVREL INT FLAG 


TICTL2.4 


T1 OVRFL INT ENA 


on > 
T1CTL4.1 
TiCR 


T1PC2.3-0 RST ENA 


TICTL4.0 { T1PRI6 : 


TIEDGE DET ENA 


T1CTL4.2 
T1EDGE POLARITY 


T1CTL3.2 


T1EDGE INT ENA 


Figure 8. Dual-Compare Mode 
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timer 1 module (continued) 


The TMS370Cx6x device includes a 24-bit watchdog (WD) timer, contained in the T1 module, which can be 
software programmed as an event counter, pulse accumulator, or interval timer if the watchdog function is not 
desired. The WD function is to monitor software and hardware operation and to implement a system reset when 
the WD counter is not serviced properly (WD counter overflow or WD counter is reinitialized by an incorrect 
value). The WD can be configured as one of three mask options: standard watchdog, hard watchdog, or simple 
counter. 


@ Standard watchdog configuration (see Figure 9) — for’76xA EPROM and mask-ROM devices 
- Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


— AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


— Awatchdog overflow flag (WD OVREFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator, or an interval timer. 


WDCNTR. 15-0 
16-Bit WD OVRFL T1CTL2.6 
Watchdog Counter INT FLAG 
TICTL2.5 Oo O———__ Interrupt 
WD OVRFL 
Reset 
Clock 
Prescaler TICTL1.7 TICTLO? 
WD OVRFL 
TAP SEL O- O—————— Sy stem Reset 
WD OVRFL 
Watchdog Reset Key RST ENA 
WDRST.7-0 , 


Figure 9. Standard Watchdog 
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timer 1 


module (continued) 


Hard watchdog configuration (see Figure 10) — for mask-ROM devices 


Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


A WD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


Automatic activation of the WD timer upon power-up reset 


INT1 is enabled as nonmaskable interrupt during low-power modes 


A watchdog overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


WDCNTR. 15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter TICTL2.5 


Reset 


Clock 
Prescaler TICTL1.7 


_ WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 
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timer 1 module (continued) 


@ Simple-counter configuration (see Figure 11) — for mask-ROM devices only 


— Simple counter can be configured as an event counter, pulse accumulator, or an interval timer 


WDCNTR.15-0 


16-Bit WD OVFL 
Watchdog Counter INT FLAG 
o-o-—_—_ Interrupt 
WD OVRFL 
INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


timer 2n modules (T2A and T2B) 


The TMS370Cx6x device includes two 16-bit general-purpose timer 2 modules (T2A and T2B). The T2A or T2B 
are referred to as T2n throughout this section. The T2n module contains a 16-bit resettable counter, 16-bit 
compare register with associated compare logic, 16-bit capture register, and a 16-bit register that functions as 
a capture register in one mode and as a compare register in the other mode. The T2n module adds additional 
timers that provide event counts, input captures, and compare functions. The T2n module includes three 
external-device pins that can be dedicated as timer functions or used as general-purpose |/O pins. The T2n 
module is shown in Figure 12. 
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timer 2n modules (T2A and T2B) (continued) 


(Dual-Capture Mode) 


16-Bit 
Capt/Comp 
Register 


(Dual-Compare Mode) 


Register 


Figure 12. Timer 2n Block Diagram 


The T2n module features include the following: 


Three T2A I/O pins 
— T2niC1/CR: Timer 2n input capture 1/counter-reset input pin, or general-purpose bidirectional I/O pin 


—- T2nlC2/PWM: Timer 2n input capture 2/pulse-width-modulation (PWM) output pin, or general-purpose 
bidirectional I/O pin 


— T2nEVT: Timer 2n event-input pin, or general-purpose bidirection I/O pin 
Two operation modes: 

— Dual-compare mode: Provides PWM signal 

— Dual-capture mode: Provides input-capture pin 

One 16-bit general-purpose resettable counter 

One 16-bit compare register with associated compare logic 

One 16-bit capture register with associated capture logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either 
capture or compare registers 


T2n clock sources can be any of the following: 

— System clock 

— Noclock (the counter is stopped) 

— External clock synchronized to the system clock (event counter) 


— System clock while external input is high (pulse accumulation) 
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timer 2n modules (T2A and T2B) (continued) 


PF 


PO60 
P061 
PO62 
P063 
PO64 
PO65 
PO66 
P0O67 


PO6A 


PO6B 


PO6C 


PO6B 


PO6C 


PO6D 


PO6E 


PO6F 


Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input-capture pins (T2nIC1/CR) 


Interrupts that can be generated on the occurrence of: 
— Acompare equal for dedicated-compare register 
— Acompare equal for capture-compare register 

— Acounter overflow 

— Anexternal edge 1 detection 

— Anexternal edge 2 detection 


Fourteen control registers for each Timer 2 module: Located in the PF frame beginning at address PO60 
and P080 for T2A and T2B, respectively. 


The timer 2n module control registers are illustrated in Table 18. 


Table 18. Timer 2n Module Register Memory Map 


BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


Modes: Dual-Compare and Dual-Capture 


PF REG 


PO80 
P081 
P082 
P083 
P084 
P085 
PO86 
P087 


Bit 15 T2n Counter MSbyte Bit 8 
Bit 7 T2n Counter LSbyte Bit 0 
Bit 15 Compare Register MSbyte Bit 8 
Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit 8 


T2nCNTR 


T2nC 


T2nCC 


Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Capture Register 2 MSbyte Bit 8 
Bit 7 Capture Register 2 LSbyte Bit 0 


T2n T2n 
OVRFL INPUT 
INT FLAG SELECT1 


T2niC 


T2n OVRFL 
INT ENA 


T2n INPUT T2n SW 


SELECTo | RESET | [enCTlt 


PO8A 


Mode: Dual-Compare 
T2nEDGE1 T2nC2 T2nC1 T2nEDGE1 T2nC2 T2nC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2n T2nC1 T2nC2 T2nC1 T2nEDGE1 | T2nEDGE1 | T2nEDGE1 | T2nEDGE1 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 


Mode: Dual-Capture 
T2nEDGE1 T2nEDGE2 T2nC1 T2nEDGE1 | T2nEDGE2 T2nC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2n T2nC1 T2nEDGE2 | T2nEDGE1 | T2nEDGE2 | T2nEDGE1 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Modes: Dual-Compare and Dual-Capture 
T2nEVT T2nEVT T2nEVT T2nEVT 
DATA IN DATA OUT | FUNCTION | DATADIR 
T2niC2/PWM | T2niIC2/PWM | T2nIC2/PWM | T2niC2/PWM }| T2niC1/CR | T2niC1/CR | T2niIC1/CR | T2nIC1/CR 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT }| FUNCTION | DATADIR 


PO8F | 


PO8B T2nCTL2 


PO8C T2nCTL3 


PO8B T2nCTL2 


PO8C T2nCTL3 


PO8D T2nPC1 


PO8E T2nPC2 


T2nPRI 
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timer 2n modules (T2A and T2B) (continued) 


The timer 2n dual-compare mode block diagram is illustrated in Figure 13. The annotations on the diagram 
identify the register and the bit(s) in the peripheral frame. For example, the actual address of T2nCTL2.0 is 
106Bh (n = A) or 108Bh (n = B), bit 0, in the T2nCTL2 register. 


T2nCC.15-0 


16-Bit 
Capt/Comp 
Register 


LSB 
MSB 


Output 
Enable 


T2nC2 INT FLAG 


. ( T2nCTL3.5 ) 
T2nCNTR. 15-0 T2ncTL2.1 - 
_ T2nC2 INT ENA 


O70 T2nPC2.7-4 
T2nC2 OUT ENA ia 
T2nCTL3.6 <Tenic2/PWM > 


3 ie 
T2nC1 OUT ENA 


T2nCTL3.3 
oe 


T2nC1 INT ENA 


Toggle 


T so 
RESET RST ENA 
16-Bit LSB 
T2nCTL1.0 T2nCTL3.4 Compare T2nEDGE1 


es Register MSE OUT ENA 


T2nCTL3.1 


T2nEDGE1 


TonPC2.3-0) RSTENA TonCTLi4 


T2n OVREFL INT ENA 


O ¢ 


T2nCTL3.0 
T2nEDGE1 DET ENA 


T2nCTL3.2 
T2nEDGE1 POLARITY 


T2nCTL2.2 


T2nEDGE1 INT ENA 


Figure 13. Dual-Compare Mode 
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timer 2n modules (T2A and T2B) (continued) 


The timer 2n dual-capture mode block diagram is illustrated in Figure 14. The annotations on the diagram 
identify the register and the bit(s) in the peripheral frame. For example, the actual address of T2nCTL2.0 is 
106Bh (n = A) or 108Bh (n = B), bit 0, in the T2nCTL2 register. 


T2nCC.15—0 T2nIC. 15-0 
16-Bit 16-Bit 
Capt/Comp Lss Capture LSB 


ee Register1 MSB Register 23 MSB 
T2nCNTR. 15-0 


LSB 16-Bit 
MSB- Counter 


GG T2nC1 INT FLAG CTenprieé 
O . 
Reset a 

T2nCTL2.0 

T2nC1 INT ENA 
T2n SW 16-Bit 

RESET uate a Compare vee T2n OVRFL INT FLAG 
TanCTL1.0 ee TancTL13 O 
BMP Ac hee et gt Omer ee pa roe 

T2ncTL3.4 


T2n OVRFL INT ENA 


T2nCTL3.0 


T2nEDGE1 DET ENA 


T2nPC2.3-0 
Edge1 i 
<T2nIC1/CR >_ Select T2ncTL3.2 


T2nEDGE1 POLARITY 
T2nCTL3.1 


T2nCTL2.7 3 


T2nCTL2.2 
T2nEDGE1 INT ENA 


T2nPC2.7-4 T2nEDGE2 DET ENA T2nEDGE2 INT FLAG 
<Tenica/Pwi> Edge 2 O O T2nCTL2.6 }—©O O 
Select T2ncTL3.3 EE 


Figure 14. Dual-Capture Mode 
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serial peripheral interface (SPI) module 


11-38 


The SPI is a high-speed, synchronous, serial I/O port that allows a serial bit stream of programmed length 
(1 to 8 bits) to be shifted into and out of the device at a programmable bit-transfer rate. The SPI is used normally 
for communications between the microcontroller and external peripherals or another microcontroller. Typical 
applications include external I/O or peripheral expansion using devices such as shift registers, display drivers, 
and analog-to-digital (A/D) converters. The master/slave operation of the SPI supports multi-device 


communications. The SPI module features include the following: 


Three external pins: 

— SPISOMI: SPI slave output/master input pin or general-purpose bidirectional I/O pin 
— SPISIMO: SPI slave input/master output pin or general-purpose bidirectional I/O pin 
— SPICLK: SPI serial-clock pin or general-purpose bidirectional I/O pin 

Two operational modes: master and slave 

Baud rate: Eight different programmable rates 

— Maximum baud rate in master mode: 2.5M bps at 5-MHz SYSCLK 


SPI BAUD RATE = SYSCLK 
oa 


where b = bit rate in SPICCR.5-3 (range 0-7) 
— Maximum baud rate in slave mode: 625K bps at 5-MHz SYSCLK 
For maximum slave SP! BAUD RATE < SYSCLK/8 


Data-word format: one to eight data bits 


Simultaneous receiver and transmitter operation (transmit function can be disabled in software) 
Transmitter and receiver operations are accomplished through either interrupt-driven or polled algorithms. 


Seven SPI module-control registers: located in control register frame beginning at address PO30h 
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serial peripheral interface (SPI) module (continued) 


The SPI module control registers are illustrated in Table 19. 


Table 19. SP! Module Control Register Memory Map 


BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
SPISW | CLOCK | SPIBIT | SPIBIT SPI BIT SPI SPI SPI 
RESET | POLARITY | RATE2 RATE1 RATEO CHAR2 CHAR CHARO 

RECEIVER | SPI INT MASTER/ | 141, SPI INT 
OVERRUN | FLAG SLAVE ENA 
Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 


PF REG 


P030 SPICCR 


P031 SPICTL 


P032 
to 
P036 


P037 


SPIBUF 


P038 Reserved 
P039 SDAT7 SDAT6 SDAT5 SDAT4 SDAT3 SDAT2 SDAT1 SDATO SPIDAT 
PO3A , 
to Reserved 
PO3C 
SPICLK SPICLK SPICLK SPICLK 
POSE SPISIMO SPISIMO SPISIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI SPIPC2 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
SPIPRI 


PO3F 


SPI SPI 
STEST PRIORITY © 


vi TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 11-39 


TMS370Cx6x : 
8-BIT MICROCONTROLLER 


SPNS033B — SEPTEMBER 1995 — REVISED MARCH 1996 
serial peripheral interface (SPI) module (continued) 


The SPI block diagram is illustrated in Figure 15. 


SPIBUF.7-0 RECEIVER 
OVERRUN 
SPIBUF Buffer 
Register SPICTL.7 


SP! INT FLAG SPICTL.O 


SPICTL.6 


SPIINT ENA 


SPIPC2.7-4 


SPIDAT 
Data Register 


| 
| 

PIDAT.7- 
Cspipar.7-0) ee ! 


7 
TALK o— 
State Control 


MASTER/SLAVET 
SPI CHAR SPICCR.2-0 
pe re ee -e— —C SPICTL2 
S SPIPC1.3-0 
ystem | 
fi Soas CLOCK POLARITY 


SPI BIT RATE 
T The diagram is shown in slave mode. 


Figure 15. SPI Block Diagram 


serial communications interface 1 (SCI1) module 


The TMS370x6x devices include a serial communications interface (SCI1) module. The SCI1 module supports 
digital communications between the TMS370 devices and other asynchronous peripherals and uses the 
standard non-return-to-zero (NRZ) format. The SCI1’s receiver and transmitter are double buffered, and each 
has its own separate enable and interrupt bits. Both can be operated independently or simultaneously in the 
full-duplex mode. To ensure data integrity, the SCIl1 checks received data for break detection, parity, overrun, 
and framing errors. The speed of bit rate (baud) is programmable to over 65,000 different speeds through a 


16-bit baud-select register. 
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serial communications interface 1 (SCI1) module (continued) 


Features of the SCI1 module include: 


Three external pins: 

— SCITXD: SCI transmit output pin or general-purpose bidirectional I/O pin 

— SCIRXD: SCI receive input pin or general-purpose bidirectional I/O pin 

— SCICLK: SCI bidirectional serial clock pin, or general-purpose bidirectional I/O pin 
Two communications modes: asynchronous and isosynchronoust 

Baud rate: 64K different programmable rates 

— Asynchronous mode: 3 bps to 156K bps at 5-MHz SYSCLK 


wi MOLI 
ASYNCHRONOUS BAUD = agp REG + 1) x32 


— Isosynchronous mode: 39 bps to 2.5M bps at 5-MHz SYSCLK 


eae 3) eee 
ISOSYNCHRONOUS BAUD = aap REG 4 9) xo 


Data-word format 
— One start bit 


Data-word length programmable from one to eight bits 


Optional even/odd/no parity bit 

— One or two stop bits 

Four error-detection flags: parity, overrun, framing, and break detection 

Two wake-up multiprocessor modes: Idle-line and address bit 

Half or full-duplex operation 

Double-buffered receive and transmit functions 

Interrupt driven or polled algorithms with status flags accomplish transmitter and receiver operations. 


— Transmitter: TXRDY flag (transmitter buffer register is ready to receive another character) and TX 
EMPTY flag (transmitter shift register is empty) 


— Receiver: RXRDY flag (receive buffer register ready to receive another character), BRKDT flag (break 
condition occurred), and RX ERROR monitoring four interrupt conditions 


— Separate enable bits for transmitter and receiver interrupts 
— NRZ (non-return-to-zero) format 


Eleven SCl1 module control registers are located in control register frame beginning at address PO50h. 


T lsosynchronous = Isochronous 
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serial communications interface 1 (SCI1) module (continued) 


The SClI1 module control registers are illustrated in Table 20. 


Table 20. SCl1 Module Control Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
EVEN/ODD PARITY ASYNC/ ADDRESS/ 
STOP BITS PARITY ENABLE ISOSYNC. | IDLE WUP SCI CHAR2 | SCICHAR1 | SCICHARO | SCICCR 
opatents CLOCK TXWAKE SLEEP TXENA RXENA SCICTL 
RESET 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 eer 
SCI TX 
RX SCI RX 


PF 


PO50 


PO51 


P052 BAUD MSB 


P053 BAUD LSB 


P054 TXCTL 


P055 RXCTL 
P056 

P057 RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO RXBUF 
P058 Reserved 

P059 TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO TXBUF 


PO5A 
PO5B 
PO5C 


Reserved 


scicLk | scictk | scicLk | SCICLK 

DATAIN | DATAOUT | FUNCTION | DATA DIR 

scitxD | scitxo | scitxo | scitxp | scirnxD | scirRxD | scIRxD | SCIRXD 

DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION | DATADIR 
SCITX SCIRX 


The SCl1 module block diagram is illustrated in Figure 16. 


POSD SCIPC1 


PO5E SCIPC2 


POSF SCIPRI 
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serial communications interface 1 (SCI1) module (continued) 


TXWAKE TXBUF.7-0 
SCICTL.3 


Frame Format and Mode 
PARITY 


SCI TX Interrupt 


EVEN/ODD ENABLE 


TxRDY SCITXINTENA 


BAUD MSB. 7-0 
Baud Rate 
MSbyte Reg. 
BAUD LSB. 7-0 


Baud Rate 
LSbyte Reg. 


SCIPC1.3—0 


SCIPC2.3-—0 


SCIRXD 


RXWAKE 
RXCTL.1 o SCI RX Interrupt 


wae RXRDY_ SCIRX INT ENA||\_SC/PRLS_) 


RX ERROR 


RXCTL.4-2 
[FE |OE| PE 


RXBUF.7-0 


Figure 16. SCl1 Block Diagram 


analog-to-digital converter 1 (ADC1) module 


The analog-to-digital (ADC1) converter module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has eight multiplexed analog input channels that allow the processor to 
convert the voltage levels from up to eight different sources. The ADC1 module features include the following: 


@ Minimum conversion time: 32.8 us at 5-MHz SYSCLK 
@® Ten external pins: 


— Eight analog input channels (ANO—AN7), any of which can be software configured as digital inputs 
(EO—E7) if not needed as analog channels 


— AN1-AN7 also can be configured as positive-input voltage reference. 
—- Voc3: ADC1 module high-voltage reference input 


— Vgs3: ADC1 module low-voltage reference input 
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analog-to-digital converter 1 (ADC1) module (continued) 
@ The ADDATA register, which contains the digital result of the last ADC1 conversion 
® ADC1 operations can be accomplished through either interrupt driven or polled algorithms. 
@ Six ADC1 module control registers are located in the control register frame beginning at address 1070h. 


The ADC1 module control registers are illustrated in Table 21. 


Table 21. ADC1 Module Control Register Memory Map 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 
CONVERT | SAMPLE | REF VOLT | REF VOLT | REF VOLT | ADINPUT | ADINPUT | AD INPUT 
START START SELECT2 | SELECT1 | SELECTO | SELECT2 | SELECT1 | SELECTO 
AD INT AD INT 


PF REG 


P070 ADCTL 


ADSTAT 


PO71 
P072 A-to-D Conversion Data Register ADDATA 
P073 

to Reserved 
PO7C 
P0O7D Port E Data Input Register ADIN 
PO7E Port E Input Enable Register ADENA 

nee AD 
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analog-to-digital converter 1 (ADC1) module (continued) 


The ADC1 module block diagram is illustrated in Figure 17. 


Port E | t a. 
hey | Port E Data | 


ANO | 
ADENA.0 | SAMPLE CONVERT 
| Pe ea | START START 


© 
ADCTL.2-0 ADCTL.6 ADCTL.7 


| 
Port E Input | 


ENA 1 ee : eee | AD INPUT SELECT 
| 
| 
O | | 


Port E Input 
ENA ne | Port E Data 


| 
| _AN2 | 
| 
| 


Port E | t 
cues | Port E Data 


| 
AN3 | 
| 
| 


| 


te oe | Port E Data | 
| AN4 | 
occa we CLD) 
| ANA ~ 0 ADDATA.7-0 
ag mee | Port E Data | 
AN5 | A-to-D 
| ANS > 0 > | ADIN.S ) | Data Register 
Port El t 
"EMAR Port E Data AD READY 


C) 
| 
| AN6 


ADENA.6 0 


pe S| 


ADCTL.5-3 rin 
Port E Data LADPRIG 
tE Data | ADPRI.6 


| 


Port E Input 
ENA 7 


ADENA.7 


AD INT FLAG 


is 8 


AD INT ENA 


Figure 17. ADC1 Block Diagram 
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instruction set overview 


Table 22 provides an opcode-‘o-instruction cross-reference of all 73 instructions and 274 opcodes of the 
‘370Cx6x instruction set. The numbers at the top of this table represent the most significant nibble of the opcode 
while the numbers at the left side of the table represent the least significant nibble. The instruction of these two 
opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 22. TMS370 Family Opcode/Instruction Mapt 


e.. C. + 
Ssh] Sa Sl Ss 


Rs,A 
2/7 


BTJO 
Rs,A,ra Rs,Rd,ra 
4/11 


BTJZ 
Rs,Rd,ra 


t All conditional jumps (opcodes 01-OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 
instructions have a relative address as the last operand. 


BTJO 
A,Pd,ra B,Pd,ra #n,Pd,ra 
3/11 3/10 4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*lab[B],A 
3/12 


MOV 
#ra[SP],A 
2/7 


MOV 
A,*ra[SP] 
2/7 


CMP 
*n[SP],A 


XCHB A/ 
TST B 
1/10 


9661 HOUVW GASIASY — S66 HAEWALdAS — EEEOSNdS 
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XQXDOZESINL 


Sv-bt 


€vyl-LS2ZZ SWX3L ‘NOLSNOH e€rhl XO 30ISSO LSOd 


SVX4I oe 


SLNAWNYLISN 


zor 


Table 22. TMS370 Family Opcode/Instruction Mapt (Continued) 


0 1 2 3 4 5 6 


Legend: 

* = _ Indirect addressing operand prefix 
& = Direct addressing operand prefix 
# = immediate operand 

#16 = immediate 16-bit number 

lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address 

Rd = Register containing destination type 

Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 

Rs = Register containing source byte 


T All conditional jumps (opcodes 01-—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


7 


8 9 


BR BR 
lab *Rp 
3/9 2/8 


CMP CMP 
& lab,A *Rp,A 
3/11 2/10 


CALL CALL 
lab *Rp 
3/13 2/12 


CALLR CALLR 
lab *Rp 
3/15 2/14 


Second byte of two-byte instructions (F4xx): 


BR 
*lab[B] 
3/11 


CMP 
*lab[B],A 
3/13 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


MOV 
A,*n[Rn]} 
4/16 
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development system support 


The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator (XDS/22 — extended development support), compact developmenttool, andan EERROM/UVEPROM 
programmer. 


Assembler/linker (Part No. TMDS3740850-02 for PC) 

— Provides extensive macro capability 

— Allows high-speed operation 

— Includes format conversion utilities for popular formats 


ANSI C Compiler (Part No. TMDS3740855-02 for PC, Part No. TMDS3740555-—09 for HP700™, Sun-3™ 
or Sun-4™) 


— Generates assembly code for the TMS370 that can be inspected easily 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables the user to directly reference the TMS370 port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
CDT370 (compact development tool) Timer real-time in-circuit emulation 
— Base (Part No. EDSCDT37T — for PC, requires cable) 
— Cable for 68-pin PLCC (Part No. EDSTRG68PLCC) 
— Provides EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Uploads/downloads program and data memory 
— Executes programs and software routines 
— Includes 1024 samples trace buffer 
— Includes single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 68-pin PLCC (Part No. TMDS3780510A) 
— PC-based, window/function-key-oriented user interface for ease of use and rapid learning environment 
Starter Kit (Part No. TMDX37000 — for PC) 
— Includes TMS370 Assembler diskette and documentation 
— Includes TMS370 Simulator 
— Includes programming adapter board and programming software 


— Not included — to be supplied by the user: 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 


vy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 11-49 


TMS370Cx6x 
8-BIT MICROCONTROLLER 


SPNS033B — SEPTEMBER 1995 — REVISED MARCH 1996 
development system support (continued) 


— +5 V power supply 
— ZIF sockets 
— 9-pin RS232 cable 


device numbering conventions 


Figure 18 illustrates the numbering and symbol nomenclature for the TMS370Cx6x family. 


TMS 370 C 0 6 7 A FNL 


Prefix: TMS 

LL : 
GESS2E 
Eanes oe 


Family: 370 
Technology: 
Program Memory Types: 


oa no O 
ou 


Device Type: 


Memory Size: 


7 
8 
9 
Temperature Ranges: A 
ce 
T 


Packages: FN 


ROM and EPROM Option: A = 


Standard prefix for fully qualified devices 

System evaluator (window EPROM) that is used for 
prototyping purpose. 

TMS370 8-Bit Microcontroller Family 

CMOS 


Mask ROM 
EPROM 


x6x device containing the following modules: 
— Timer 1 

— Timer 2A 

— Timer 2B 

— Serial Peripheral Interface 

— Serial Communications Interface (SCI1) 

— Analog-to-Digital Converter (ADC1) 


24K Bytes 
32K Bytes 
48K Bytes 


-40°Cto 85°C 
o°Cto 70°C 
-40°Cto 105°C 
Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 

— A standard watchdog 

— A hard watchdog 

— A simple watchdog 

The clock can be either: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power modes can be either: 

— Enabled 

— Disabled 

For EPROM device, a standard watchdog, a divide-by- 
4 clock, and low-power modes are enabled 


Figure 18. TMS370Cx6x Family Nomenclature 
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device part numbers 


Table 23 lists all the ‘x6x devices available. The device part number nomenclature is designed to assist ordering. 
Upon ordering, the customer must specify not only the device part number, but also the clock and watchdog 
timer options desired. Remember that each device can have only one of the possible three watchdog timer 
options and one of the two clock options. The options to be specified pertain solely to orders involving ROM 
devices. 


Table 23. Device Part Numbers 


DEVICE PART NUMBERS 
FOR 68 PINS 
TMS370C067AFNA 


TMS370C067AFNL 
TMS370CO67AFNT 


TMS370CO68AFNA 
TMS370CO68AFNL 
TMS370CO68AFNT 


TMS370CO69AFNA 
TMS370CO69AFNL 
TMS370CO69AFNT 


TMS370C768AFNT 
TMS370C769AFNT 
SE370C768AFzTT 
SE370C769AFzTT 


t System evaluators are for use only in prototype environment and 
their reliability has not been characterized. 
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new code release form 


Figure 19 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. AROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using TI standard specification as incorporated in TI’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number “Yes: # 

No: (Std. spec to be followed) 
“If Yes: Customer must provide "print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


Tl Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE 'A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
f . Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 
te ; “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 


options. See the 7MS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
fh’: 0° to 70°C (standard) [] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[]’A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
{]’T: —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization } YES [] NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
Tl spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this Tl custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 19. Sample New Code Release Form 
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Table 24 is a collection of all the peripheral file frames using the ’Cx6x, (provided for a quick reference). 


Table 24. Peripheral File Frame Compilation 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
System Configuration Registers 


) | OSCFLT MC PIN MC PIN uP/uC 
FLAG WwPO DATA MODE 


| mse_| pmomm | — | — | — | rommny | enon | ensoie 

FLAG PIN DATA POLARITY PRIORITY ENABLE 

| Ase | pwoam | — | omaom | oamour | rotanny | enionry | ensoie 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 

| mse_| pmoaa | — | ommom | ommour | ror | pony | ensue 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 

ee fo | et fe | we | ee 

pate | ee | = [le ee 

ie [ee | ee me ee 


Port B Control Register 2 


PF REG 


EPCTLH 


INT1 


INT2 


INT3 


DEECTL 


EPCTLM 


EPCTLL 


APORT1 
APORT2 
ADATA 
ADIR 
BPORT1 
BPORT2 
BDATA 
BDIR 
CPORT1 
CPORT2 
CDATA 
CDIR 
DPORT1 
DPORT2 
DDATA 
DDIR 


Port C Direction 
ete banel ager ce Pe pe Peng 
ce ee ee Ss ene 
a5 es a ee es 
oe ee oe ee ed 


t To configure pin D3 as SYSCLK, set port D control register 2 = O8h. 
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Table 24. Peripheral File Frame Compilation (Continued) 


PF BIT 7 BIT 6 BIT 5 BIT 4 ie eee BIT 2 BIT 1 BIT 0 REG 


SPI Module Control Memory Map 
P030 SPI SW CLOCK SPI BIT SPI BIT SPI BIT SPI SPI SPI SPICCR 
RESET POLARITY RATE2 RATE1 RATEO CHAR2 CHAR1 CHARO 
RECEIVER SPI INT MASTER/ SPI INT 
to Reserved 


SPIBUF 


SPIDAT 


to Reserved 


SPICLK SPICLK SPICLK SPICLK 
pose | SPisimo | spPisimo | sPisimo | spPisimo | spPisomi | spPisomi | SPISOMI | SPISOMI | coc, 
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION | DATADIR 


SPI SP 
STEST | PRIORITY | ESPEN — SPIPRI 


Timer 1 Module Register Memory Map 
Modes: Dual-Compare and Capture/Compare 
PO40 | Bit 15 T1 Counter MSbyte Bit8 | TICNTR 
P041 | Bit 7 T1 Counter LSbyte 
P042 | Bit 15 Compare Register MSbyte Bit8 |} TiC 
P043 | Bit 7 Compare Register LSbyte 


P044 | Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
P045 | Bit 7 Capture/Compare Register LSbyte 
PO46 | Bit 15 Watchdog Counter MSbyte Bit8 | WOCNTR 


P047 | Bit 7 Watchdog Counter LSbyte 
P048 | Bit 15 Watchdog Reset Key BitO | WORST 


WD WD WD Ti T1 
INPUT INPUT INPUT INPUT INPUT NE ETOH 
SELECT2t | SELECTit | SELECTot SELECT2 | SELECTI 


WD OVRFL 


P049 | TAP SELt 


PO4A WD OVRFL | WO OVRFL | WOOVRFL | T1 OVRFL T1 OVRFL T1 SW TICTL2 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 


Mode: Dual-Compare 


TIEDGE T1C2 Tic TIEDGE T1C2 T1C1 
PO4B | INTFLAG | INTFLAG | INTFLAG a See: INT ENA INT ENA INTENA | | 'OTLS 
ae TH T1C1 Tic2 TIC1 TICR TIEDGE TICR TIEDGE |, 
MODE=0 | OUTENA | OUTENA | RSTENA | OUTENA | POLARITY | RSTENA | DETENA 


Mode: Capture/Compare 


TIEDGE T1C1 TIEDGE T1C1 


T Once the WD OVRFL RST ENA bitis set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT 
SELECT2 bits are ignored. 
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Table 24. Peripheral File Frame Compilation (Continued) 


BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
Modes: Dual-Compare and Capture/Compare 


T1 T1C1 T1C1 T1EDGE T1EDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
TIEVT TIEVT TIEVT T1EVT DATA 
DATA IN DATA OUT FUNCTION DIR 
TIPWM TIPWM T1PWM TIPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 


Serial Communications Interface 1 Memory Map 
EVEN/ODD PARITY ASYNC/ ADDRESS/ 
PO50 | STOP BITS PARITY ENABLE ISOSYNC IDLE WUP SCI CHAR2 | SCICHAR1 | SCICHARO | SCICCR 
SCI SW 
P0O51 RESET CLOCK TXWAKE SLEEP TXENA RXENA SCICTL 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 EET 
SCI TX 
RX SCI RX 


PF REG 


P04C TICTL4 


P04D T1PC1 


PO4E T1PC2 


PO4F T1PRI 


P052 BAUD MSB 


P053 BAUD LSB 


P054 TXCTL 


P0O55 RXCTL 


PO56 


P0O57 RXBUF 
P058 
, PO59 TXBUF 
PO5A 
PO5B Reserved 
PO5C 
SCICLK SCICLK SCICLK SCICLK 
POSE SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD_ erboo 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 
Timer 2A Control Registers Memory Map 
Modes: Dual-Compare and Dual-Capture 
PO6O | Bit 15 T2A Counter MSbyte Bit 8 
T2ACNTR 
PO61 | Bit 7 T2A Counter LSbyte Bit 0 
PO62 | Bit 15 Compare Register MSbyte Bit 8 


T2AC 
PO63 


P064 
PO65 
PO66 
P067 


Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit 8 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Capture Register 2 MSbyte Bit 8 
Bit 7 Capture Register 2 LSbyte Bit 0 


T2A OVRFL | T2A OVRFL Rises T2A INPUT 
INT ENA INT FLAG SELECT1 SELECTO 


T2ACC 


T2AIC 


PO6A T2ACTL1 
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Table 24. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Mode: Dual-Compare 
T2AEDGE1 T2AC2 T2AC1 T2AEDGE1 T2AC2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AC2 T2AC1 T2AEDGE1 | T2AEDGE1 | T2AEDGE1 | T2AEDGE1 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
T2AEDGE1 T2AEDGE2 T2AC1 T2AEDGE1 | T2ZAEDGE2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AEDGE2 | T2AEDGE1 | T2AEDGE2 | T2AEDGE1 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Modes: Dual-Compare and Dual-Capture 
T2AEVT T2AEVT T2AEVT T2AEVT 
DATA IN DATA OUT | FUNCTION | DATADIR 
T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION | DATADIR 
: T2A 


-T2astest | 


PF REG 


PO6B T2ACTL2 


PO6C T2ACTL3 


PO6B T2ACTL2 


PO6C T2ACTL3 


PO6D T2APC1 


PO6E T2APC2 


PO6F T2APRI 


PRIORITY 


Analog-To-Digital Converter 1 Control Registers 
CONVERT SAMPLE FEF VOLT REF VOLT REF VOLT | ADINPUT | ADINPUT | AD INPUT 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 
AD INT AD INT 
A 


-to-D Conversion Data Register 


P070 ADCTL 


PO71 ADSTAT 


P072 


P073 
to 
PO7C 


PO7D 
PO7E 


ADDATA 


Reserved 


ADIN 
ADENA 


Port E Data Input Register 


Port E Input Enable Register 


_—i<—s i w..|vU6L6LEee eee 


Timer 2B Control Registers Memory Map 


PO7F ADPRI 


Modes: Dual-Compare and Dual-Capture 

BIT 15 T2B Counter MSbyte BIT 8 
BIT 7 T2B Counter LSbyte BIT O 
BIT 15 Compare Register MSbyte BIT 8 
BIT 7 Compare Register LSbyte BIT 0 
BIT 15 Capture/Compare Register MSbyte BIT 8 
BIT 7 Capture/Compare Register LSbyte BIT O 
BIT 15 Capture Register 2 MSbyte BIT 8 
BIT 7 Capture Register 2 LSbyte BIT O 


T2B 
OVREFL INT 
FLAG 


PO80 
P081 
P082 
P083 
P084 
PO85 
PO86 
P087 


T2BCNTR 


T2BC 


T2BCC 


T2BIC 


T2B OVRFL 
INT ENA 


T2B INPUT | T2B INPUT 


oo SELECT1 SELECTO 


T2BCTL1 
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Table 24. Peripheral File Frame Compilation (Continued) 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 


Mode: Dual-Compare 
T2BEDGE1 T2BC2 T2BC1 T2BEDGE1 T2BC2 T2BC1 
Poe INT FLAG INT FLAG INT FLAG ace ke INT ENA INT ENA INT ENA emer? 
POBC T2B T2BC1 T2BC2 T2BC1 T2BEDGE1 | T2BEDGE1 | T2BEDGE1 | T2BEDGE1 T2BCTL3 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
PosB T2BEDGE1 T2BEDGE2 T2BC1 T2BEDGE1 | T2BEDGE2 T2BC1 T2BCTL2 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
POBC T2B T2BC1 T2BEDGE2 | T2BEDGE1 | T2BEDGE2 | T2BEDGE1 T2BCTL3 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Modes: Dual-Compare and Dual-Capture 
T2BEVT T2BEVT T2BEVT T2BEVT 
Pose T2BIC2/PWM | T2BIC2/PWM | T2BiIC2/PWM | T2BIC2/PWM | T2BIC1/CR | T2BIC1/CR | T2BIC1/CR | T2BIC1/CR T2BPC2 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION | DATADIR 


T2B 
PO8F PRIORITY T2BPRI 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range?,Vcc1, Voce, Vocg (see Note 1) 2.6... cc cece cece eee tenet eenes -0.6 Vto7V 
input voltage range, Alfpins except MC ~ i n s ces c  eed ete o -0.6Vto7V 
MGS Gas Rev tak Fy i os 8 TRO See baa ee —0.6V to 14V 

Input clamp current, liq (Vj<O Or Vi>VOC1) vec cece cece ete e eee cece eens +20 mA 
Omput damp: current, tec (Voy< 0 OF Vio > Very): «0... 6 ce AN ee se ee +20 mA 
Continuous output current per buffer, lo (Vo = 0 to Voc3)(see Note 1) ....... eee eee eee +10 mA 
RT UPON nc bas Se he be Sb eve aln ne bb OO ee eee PTET Re ete «dss teens 170 mA 
WAT Nee ETON 9555 pls ie oo as ose es pti a oe dacs PER ee nos 65 EET ee ee ee — 170 mA 
OW TIETLIO NN OE SIRO 7 Sk ook wade os 6 a ks woe OA he ooh ERS) a ean es 1W 
Operating free-air temperature range, Ta. Lversion ........... 0c cece eee eee eens 0°C to 70°C 
RNa SS rs sh 0S v8 0s Cee VES Co — 40°C to 85°C 

jo op eee ag ee ee eee nee oe benny oe — 40°C to 105°C 

Storage temperature range, Tyg ..----- eee cee eee e eee ene teen eee n eens —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


*Vcc1 = Vcc 
NOTE 1: Electrical characteristics are specified with all output buffers loaded with the specified Io current. Exceeding the specified Io current 
in any buffer can affect the levels on other buffers. 


recommended operating conditions 


Supply voltage (see Note 2) : ; 
RAM data-retention supply voltage (see Note 3) 
Voce Digital l/O supply voltage (see Note 2) Bae a ee re 4.5 5 5&5 
Vooa Analog supply voltage (seeNote2) | —SSSSSC~CSC<‘C~SC~C~S~iYSC‘OC*SSC« 
Vss2_ Digital VO supply ground Fn nn 
oauevaw fo a 
eee 


All pins except MC, XTAL2/CLKIN, and 5 V 
RESET CCt 
V 


| 
ie iiennia acs 
(0 Note 4) 


NOTES: 2. Unless otherwise noted, all voltage values are with respect to Vssj. 
3. RESET must be activated externally when Vcc 1 or SYSCLK is out of the recommended operating range. 
4. The basic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedicated MC pin 
two system-clock cycles (t,) before RESET goes inactive (high). The WPO mode can be selected anytime that a sufficient voltage 
is present on MC. 
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electrical characteristics over recommended operating free-air temperature range (unless 
MIN TYP MAX 
/ 


otherwise noted) 
0.4 


ee 
8 ne 
Ta 
Tua 
oA 


ned 


Input current 


VOL Low-level output voltage lol = 1.4 mA 
OH 


V 
IOH = —-50 
V High-level output voltage on E V 
IOH =-2 mA 
mA 
mA 
LA 


OV<V;<s0.3V 
0.3 V<Vi<Vcoc1—-0.3 V 
MC Voc1-0.3 V < Vj s Voci+0.3 V 
Voci+03V<V)<s13V 
12V<sVi<s13V (See Note 6) 
LA 


I/O pins OV<sVi<sVcoci 
| Low-level output current VoL = 0.4 V 


OL 
n_neeomsone ‘RRS 
REE ecoresme oonmwrone | | 


TMS370Cx69A | SYSCLK = 3 MHz See Notes 5 and 7 46 55 


TMS370Cx67A 
TMS370Cx68A | SYSCLK=0.5MHz — See Notes 7 and 8 10.8 


TMS370Cx69A | SYSCLK = 0.5 MHz See Notes 5 and 7 


SYSCLK = 5 MHz See Notes 7 and 8 12 Az. 
11 mA 


10 
10 
10 


+ 


—_ 
BS 


Supply current 
(operating mode) 

OSC POWER bit = 0 
(see Note 9) 


Icc 


Supply current (STANDBY mode) 


OSC POWER bit = 0 SYSCLK=3MHz See Notes 7 and 8 

(see Note 10) SYSCLK=0.5MHz See Notes 7 and8 25 35 

Supply current (STANDBY mode) SYSCLK = 3 MHz See Notes 7 and 8 
mM 


OSC POWER bit = 1 (see Note 11) SYSCLK=0.5MHz —_ See Notes 7 and 8 


Supply current (HALT mode) XTAL2/CLKIN <0.2 V_ See Note 7 


NOTES: 5. ’x69 operates up to 3 MHz SYSCLK. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and 
fall times less than 10 ns. 

6. Input current Ipp is a maximum of 50 mA only when programming EPROM. 

7. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or => Voc  — 0.2V. 

8. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. At5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

9. Maximum operating current for TMS370Cx6x = 10 (SYSCLK) + 5.8 mA. 

10. Maximum standby current for TMS370Cx6x = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 
11. Maximum standby current for TMS370Cx6x = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit = 1, only valid up to 3 MHz SYSCLK). 
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PARAMETER MEASUREMENT INFORMATION 


XTAL2/CLKIN XTAL2/CLKIN 


i 


C3 
C1 os Crystal/Cerarnic ei C2 28 (see Note B) 
(see NoteB) — Resonator t. (see Note B) External : 
(see Note A) = Clock Signal 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


B. The values of C1 and C2 typically are 15 pF and the value of C3 is typically 50pF. See the manufacturer’s recommendations for 
ceramic resonators. 


Figure 20. Recommended Crystal/Clock Connections (See Note A) 


Load Voltage 
1.2 kQ 


Vo 
20 pF 


wt 


Case 1: Vo = VoH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 21. Typical Output Load Circuit 


Pin Data 


Output 
Enable 


Figure 22. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


A Address RXD SCIRXD 
AR Array S Slave mode 
B Byte SC SYSCLK 
Cl XTAL2/CLKIN SCC SCICLK 
D Data SIMO SPISIMO 
E EDS SOMI SPISOMI 
FE Final SPC SPICLK 
IE Initial TXD SCITXD 
M Master mode W Write 
PGM Program WT WAIT 

R Read 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) r rise time 

d delay time Su setup time 

f fall time Vv valid time 

h hold time w pulse duration (width) 


The following additional letters are used with these meanings: 


H High 
L Low 
V Valid 
Z High impedance 


All timings are measured between high and low measurement points as indicated in Figure 23 and Figure 24. 


/---- ee ey ee SS 
Saks Gi dacak ages —— 0.8 V (Low) —_—— — — — 0.8 V (Low) 


Figure 23. XTAL2/CLKIN Measurement Points Figure 24. General Measurement Points 
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external clocking requirements for clock divided by 4T (see Figure 25) 
PARAMETER 


H(CI Fall time, XTAL2/CLKIN 


td(CIH-SCL) _ Delay time, XTAL2/CLKIN rise to SYSCLK fall 
ae CLKINS Crystal operating frequency 


T For Vi_ and Vj, refer to recommended operating conditions table. 

+ SYSCLK = CLKIN/4 

§’x69A operates up to 12 MHz CLKIN 

1l’x69A operates up to 3 MHz SYSCLK 

NOTE 12: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<1 


+l ie 2 


<—_> 4 


SYSCLK / Pe ae ate AT a eee eee 


Figure 25. External Clock Divide-by-4 


external clocking requirements for clock divided by 1 (PLL)T (see Figure 26) 


tw(Cl Pulse duration, XTAL2/CLKIN (see Note 12) 2 


tr(Cl Rise time, XTAL2/CLKIN ere) 
td(CIH-SCH) _ Delay time, XTAL2/CLKIN rise to SYSCLK rise poe ee AO 


CLKIN# Crystal operating frequency 


SYSCLK1 System clock$ 


tT For Vi_ and Vip, refer to recommended operating conditions table. 

§ SYSCLK = CLKIN/1 

1l’x69A operates up to 3 MHz SYSCLK 

#°x69A operates up to 3 MHz CLKIN (for divide-by-1 clock option) 

NOTE 12: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<-1-> 


XTAL2/CLKIN CS oe. Gay See ee para 
| | 


| 
+l ie 2) | 
| 


+> 4 


SYSCLK Woe Bee es a ee 


Figure 26. External Clock Divide-by-1 


vy 
eo 
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general purpose output signal switching time requirements (see Figure 27) 


Rise time 


tr 
ts Fall time 


Figure 27. Signal Switching Timing 


recommended EEPROM timing requirements for programming 


tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) 
tw(PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) 


recommended EPROM operating conditions for programming 


Vcoc1 Supply voltage 4.75 5.5 6 
Vpp Supply voltage at MC pin 12-3. 132 185 
Ipp Supply current at MC pin during programming (Vpp = 13 V) 30 50 


Divide-by-4 
SYSCLK System clock — MHz 
Divide-by-1 


recommended EPROM timing requirements for programming 


tw(EPGM Pulse duration, programming signal (see Note 13) 0.40 0.50 3 Pane = 


NOTE 13: Programming pulse is active when both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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switching characteristics and timing requirements for external read and writeTt (see Figure 28 and 
Figure 29) 


tw(SCL Pulse duration, SYSCLK low 0.5t,-25 0.5t. 
tw(SCH Pulse duration, SYSCLK high 0.5t> 0.5t,+20 


Delay time, SYSCLK low to address R/W and OCF 
Ee | td(SCL-A) eee 0.25t¢+75 pons 
tA) Valid time, address to EDS, CSE1, CSH1, and CSPF 0.5t-90 
low 


tsu(D Setup time, write data time to EDS high 0.75t,-80F 


Hold time, address, R/W and OCF from EDS, CSE1, 


Divide-by-4 clock 200 2000 
tc Cycle time, SYSCL.K (system clock) — 
Divide-by-1 PLL 200 500 
= 


"| th(EH-A) CSH1 and CSPF high Ose 


| 12 |th(EH-D)w _ Hold time, write data time from EDS high 0.75te+15 eee 


Delay time, data bus high impedance to EDS low (read 
td(DZ-EL) cycle) 0.25t¢-35 


14 [tacenD) Delay time, EDS high to data bus enable (readaycle) ——SSSCSC~*dC‘ A 
(15 [t(EL-pvyn _Delaytime, EDSlowtoreaddatavald——SSC~“~*~*~iSC‘“‘“‘CS™C‘* O:*C*dtC 
P16 [meron  Holdtime,readtimeiromEDShigh SCT SCC*d Cr 
[18 [wscH.wn Holdtime, WAIT time fromSYSCLKhigh CdS 
[20 [tw Pulse duration, EDS, GSET, GSHT andGSPFiw —SSSC*dt—CG OOF Cg 
td(AV-DV)R Delay time, address valid to read data valid 
[22 [tsav.wry) _Delaytime, addressvaidtoWAMTvald—SSSC~*dCSCSCSC~CSC~is TS 
ta(AV-EH Delay time, address valid to EDS high (end of write) 


T tc = system-clock cycle time = 1/SYSCLK 

t If wait states, PFWait, or the autowait feature is used, add tc to this value for each wait state invoked. 

§ If the autowait feature is enabled, the WAIT input can assume a “don’t care” condition until the third cycle of the access. The WAIT signal must 
be synchronized with the high pulse of the SYSCLK signal while still conforming to the minimum set-up time. 
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6 > 
| 
| | 


EDS, CSE1, CSH1, CSPF 


| t——— 14 
| 
| 

Leh ae || k+—>+4+ 16 | 
| 
| 
| 


: | a 
DATA 370 Drives Data Read Data Drive eee eee sie? iy 


| ¢~— 19 ——_> | | 

+ ea aa 

| 22 au | 
18 


| | kept 
| 
R/W | 
| 
| 
OCF 


Figure 28. External-Read Timing 
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<7 > 
<5 —_» | | 


\¢—->— 8 
| 


| 


+? 
4 


DATA 


Figure 29. External-Write Timing 
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SCI1 isosynchronous-mode timing characteristics and requirements for internal clock 
(see Note 14 and Figure 30) 


te(SCC Cycle time, SCICLK 2te 131072t, 
~50 


30 eee a ee 
28 [wsccry Pulse duration, SCICLK high ——S—S~S~SYSSCSCi BOSCO |S 
27 frascci-Txbyy Delay time, SCITXD valdaferSCIGLKIow ———~—SCSC~dtC‘“‘SSSCS*Ct«S 
28 [wscon-rx0) Valid time, SCITXD data valid ater SCICLKHigh | twSccm=50———SSS*dCs 
[2 [tsuiexo-sccr) Setup time, SCIRXD toSCICLK igh ——=SSSCS~*~*~dtC«t ga SSSCSCS~*dC 
| 30 |twSCCH-RXD) Valid time, SCIRXD data valid after SCICLK high Reo ere el, 


NOTE 14: t, = system-clock cycle time = 1/SYSCLK 


SCICLK | | | 


SCITAD SXXXEXXXXXY XXKEKXXKKKKXXKXKK KKK 


,\ LN LN LN LN ZN LN LN LN LN ZN LN XXXXX XXX 


SCIRXD 


XRRRKXXXXXXKRRKKY 


LN LN LN ZN ZN ZN ZN ZN ZN LN i 


Data Valid 


Figure 30. SCI1 isosynchronous-Mode Timing for Internal Clock 


RX KKEKKXXKKKEKXXK KY 


{LN ZN LN ZN ZN ZN ZN ~\ Z\ 
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SCI1 isosynchronous-mode timing characteristics and requirements for external clock 
(see Note 14 and Figure 31) 


oa me ee 
en oaecogk ee ee 
[a2 [wiscoiy Pulse duration, SCICLKiow SCS gD —SCSCSC*d?C 
33 | ww(sccey Pulse dura, SciciKtigh ————SSSSCSCSC~CSCSCSCS~dSC Cd 
24 [tascou-Txby) Delay time, SCITXD valid afer SCIGLKIow ————SCSC~S~S~S~iSSSCSCSC GA] 
i i = 

| i Tne 

i ra | 


com 
3 


Otc 

| 35 | tySCCH-TXD Valid time, SCITXD data valid after SCICLK high tw(SCCH 

ee tsu(SIMO-SCCH Setup time, SCIRXD to SCICLK high 
ty(SCCH-RXD) _ Valid time, SCIRXD data after SCICLK high 


NOTE 14: tp = system-clock cycle time = 1/SYSCLK 


| 
| 33 
peice 
SCICLK Po Ne oe a ee 
| 
| ae LeeAnn 
<> 04 | ! 
SCITXD YQ YY Data Wallet KY 
a 
| 
| > | 37 


BOAO KK KKK K KAR ar NR KKK KERR RR ORD 


£\ Z\ 2\ Z\ {\ {\ {\ 2\ £\ Z\ ZN Z\ PN ZN LN ZN ZN LN 


Figure 31. SCi1 Isosynchronous-Mode Timing for External Clock 


sa TEXAS 
INSTRUMENTS 


11-68 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx6x 
8-BIT MICROCONTROLLER 


SPNS033B — SEPTEMBER 1995 — REVISED MARCH 1996 


SPI-master mode external timing characteristics and requirements (see Note 14 and Figure 32) 


feat) ee ae ee a ae 
[" lgseom Gime sPK SA eg | 
[20 [secu Puse duration, SPICLKiow SSC SSP HAS 
Zo 


1 | tg(SPCL-SIMOV)M__ Delay time, SPISIMO valid after SPICLK low (polarity=1) | -65 50 | ns | 
Valid time, SPISIMO data valid after SPICLK high 
42 |'v(SPCH-SIMO)M (polarity =1) tw(SPCH) ~ 50 


tsu(SOMI-SPCH)M Setup time, SPISOMI to SPICLK high (polarity = 1) 0.25 te + 150 


Valid time, SPISOMI data valid after SPICLK high 
44 | 'V(SPCH-SOMI)M (polarity = 1) 


NOTE 14: t, = system-clock cycle time = 1/SYSCLK 


‘pio re science reas: ie saan reer eee 
| | 
| << 40 —> 


| «+—— 39 > | | 


| 
SPICLK i a. aes ae: eee eee 
| 


iia a ies 42 oe 


SPISMO ORO RAA) Wilsons 


| 
¢t- 43 
| > \e- 44 


XK KKK XK RD : EX XXX xx xx xXx) 
SPISOMI (OXY OO 


NOTE A: The diagram shows polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 32. SPl-Master External Timing 
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SPi-slave mode external timing characteristics and requirements (see Note 14 and Figure 33) 


on a 
Leia! Guimeux 0 oa 
[46 [ww(Spcuys Pulse duration, SPICLKiow —~S~S~S~SSCg aOR |S 
[a7 [wspcuys Pulse duration, SPICLK high SS OIISPCVSHIS | nS 
[48 fiaisPc.-somivys Delay tme, SPISOMI vaid afr SPICLK ow polriy=1) | _———=8.25p+ 190] ns 
49 [wSPCH-soMys Vals time, SPISOMI data vald ater SPICLK high (polarty=1) | twisecms =n 
[50 [tcu(Simo-SPCH)S Setup tine, SPISIMO to SPICLK high oay=1) _——*+| oid 
tv(SPCH-SIMO)S _ Valid time, SPISIMO data after SPICLK high (polarity=1) | 3te+100— isd sk 


NOTE 14: tg = system-clock cycle time = 1/SYSCLK 


Mt 45 
| | 
| << 47 —> 


| 1 | | 


| 


pr 48 ee ere 


SPISIMO XY rrrrelereteletetetete’ 
+ 50 > 
| > je 51 

SPISOMI QU Y YY 


NOTE A: The diagram shows polarity = 1. SPICLK is inverted when polarity = 0. 
Figure 33. SPlI-Slave External Timing 
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analog-to-digital converter 1 (ADC1) 


The ADC1 converter has a separate power bus for its analog circuitry. These pins are referred to as Voc3 and 
Vss3- The purpose is to enhance ADC1 performance by preventing digital switching noise of the logic circuitry 
that can be present on Vssj and Voc; from coupling into the ADC1 analog stage. All ADC1 specifications are 
given with respect to Vssg unless otherwise noted. 


PEE. Fa ee eK fishin Seated WALA cus ee ea a in gd Ra ade sk a ee 8-bits (256 values) 
gi iu i an BEER BS Fh OTE ho Dn VS ARM le eH AWE EN gaa LD Oils aod We ote eat a ee Yes 
Te Deer OM TIS. ig oid lc owas Se Au'hwn eo 0 ae meg 00h to FFh (00 for VI < Vggg s; FF for VI < Vref) 
COR erry Ue (eC ICING) GOMING THING) Sx oan can 0's o ba sb vas Law eke d Aenea ee Rep aes pee 164 t, 


recommended operating conditions 


[MN NOM WAX [UNIT | 


V Analog supply voltage a2 z he V 
nalog su Vv Ba 5 Sea Sia SES) oe 
CC3 g supply g Vcoc3-3 Voc 3+ 0.3 


Vss3 Analog ground Vss3-3 Vgs3+0.3 


Non-Vcc3 referencet 2.5 Voc3 Vcc3+0.1 
Analog input for conversion Vss3 Vref 


t Vref Must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time. 


operating characteristics over recommended ranges operating conditions 


Absolute accuracyT Voc3 = 5.5 V Vrerf = 5.1 V 
Differential/integral linearity errort+ Voc3 =5.5V Vrerf = 5.1 V 


mA 
Ilcc3 Analog supply current : [mA 
[Nenconvering S| S| A 
Input current, ANO—AN7 OVsV;)<s5.5V 

lref input charge current 


7 SYSCLK < 3 MHz 
Zref Source impedance of Vref 3 MHz < SYSCLK <5 MHz 


tT Absolute resolution = 20 mV. At Vref = 5 V, this is one LSB. As Vre¢ decreases, LSB size decreases. Therefore, the absolute accuracy and 
differential/integral linearity errors in terms of LSBs increase. 
+ Excluding quantization error of 1/2 LSB 


Po gee 
ae 
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analog-to-digital converter 1 (ADC1) (continued) 


The ADC1 module allows complete freedom in design of the sources for the analog inputs. The period of the 
sample time is user-defined so that the high-impedance can be accommodated without penalty to the 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC1 control register 
(ADCTL.6) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START, 
ADCTL.7) is set to 1. After a hold time, the converter will reset the SAMPLE START and CONVERT START bits, 
signaling that a conversion has started and that the analog signal can be removed. 


analog timing requirements 


Fe et ES ae ene See a ie RRO A eR 

tsu(S Setup time, analog to sample command Eiken a. ee 
th(AN Hold time, analog input from start of conversion ime oa oe 
twiS Pulse duration, sample time per kilohm of source impedancet 


tT The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1kQ, use a minimum sampling time of 1s. 


q—_—_—_—_—— Analog Stable —————_—_» 
| | 


Analog In OOO XRKXXLY) 


KKK KKK KKK KKK 
i) KRY 


| | 
<+#——>— _ tsu(s) | 
| 


Sample Start | | 


| a 
| 
¢— twis) —> | 


Convert Start | | 


Figure 34. Analog Timing 


Table 25 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 25. TMS370Cx6x Family Package Type and Mechanical Cross-Reference 


(riipin spacing) | __ TMS370 GENERIC NAME MECHANICAL NAME DEVICE PART NUMBERS 


TMS370CO67AFNA 
TMS370C067AFNL 
TMS370C067AFNT 
TMS370CO68AFNA 
TMS370CO68AFNL 
TMS370CO68AFNT 
TMS370CO69AFNA 
TMS370CO69AFNL 
TMS370CO69AFNT 
TMS370C768AFNT 
TMS370C769AFNT 


FZ — 68 pin CERAMIC LEADED CHIP CARRIER FZ(S-CQCC-J**) J-LEADED CERAMIC SE370C768AFZT 
(50-mil pin spacing) | (CLCC) CHIP CARRIER SE370C769AFZT 
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FN — 68 pin PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED 


(50-mil pin spacing) | (PLCC) CHIP CARRIER 


JBBYS E}eq XZXOOZESWL 


12-2 
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FN/FZ PACKAGE 


@ CMOS/EEPROM/EPROM Technologies on a (TOP VIEW) 


Single Device 
-— Mask-ROM Devices for High-Volume 


Te 
IS 
2) 
Se 
N 
Ww 
” 
oO 
= 
=) 
a 


Production DB ok Ay os Pd oh ew Bh 8 BS 
= = 
— One-Time-Programmable (OTP) EPROM = = 
Devices for Low-Volume Production ef ic ea 
— Reprogrammable EPROM Devices for So Oe 58 lf 3/s¥scux 
Prototyping Purposes o7fl "4 56 [| D5 /CSPF 
. = Voce # 55 [] D6é/CSHT/EDS 
@ internal System Memory Configurations Vso BS i oi 
* ® AO 17 53 
— On-Chip Program Memory Versions aif) 18 62 ff ints 
- ROM: 24K Bytes mB eee 
- EPROM: 24K Bytes nsf 2 bol 
— Data EEPROM: 256 Bytes pa te ye ea 
— Static RAM: 512 Bytes T2AEVT |) 25 45 J TPWM 
- External Memory/Peripheral Wait States TBAICZIPWMD ?°277 26 2990 91 92 9994 96 9637 98 904041 4243 J 
— Precoded External Chip-Select Outputs SSSSZISSZLES 23225 


AOOO@ Ss Beas 
ToOo0oVCKCececgecce 
C>>> 


T2AIC1/C 


in Microcomputer Mode 
@ Flexible Operating Features 


XTAL2/CLKI 


— Low-Power Modes: STANDBY and HALT JN/NM PACKAGE 
— Commercial, Industrial, and Automotive (TOP VIEW) 
Temperature Ranges 


— Clock Options: 
— Divide-by-4 (0.5 MHz — 5 MHz SYSCLK) 
— Divide-by-1 (2 MHz — 5 MHz SYSCLK) 
Phase-Locked Loop (PLL) 
— Supply Voltage (Vcc): 5 V+ 10% 
@® Ejight-Channel 8-Bit Analog-to-Digital 
Converter 1 (ADC1) 
@ TMS370 Series Compatibility 
- Instructions Upwardly Compatible With 
All TMS370 Devices 
— Register-to-Register Architecture 
— 256 General-Purpose Registers 
— 14 Powerful Addressing Modes 
Two 16-Bit General-Purpose Timers 
On-Chip 24-Bit Watchdog Timer 
Flexible Interrupt Handling 
CMOS/Package /TTL-Compatible I/O Pins 
— 64-Pin Plastic and Ceramic Shrink 
Dual-In-Line Packages /44 Bidirectional, ®@ Workstation/PC-Based Software 
9 Input Pins Development System 
— 68-Pin Plastic and Ceramic Leaded Chip — C Compiler and C Source Debugger 
Carrier Packages /46 Bidirectional, Real-Time In-Circuit Emulation 
9 Input Pins Extensive Breakpoint/Trace Capability 
- All Peripheral Function Pins Are Software Performance Analysis 
Software Configurable for Digital 1/O Multi-Window User Interface 
Microcontroller Programmer 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments 
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Pin Descriptions 
ALTERNATE | SDIP | LCC |VoTt DESCRIPTION 
FUNCTION sa! = 


Single-chip mode: Port A is a general-purpose bidirectional I/O port. 
Expansion mode: Port A can be programmed individually as the external 
bidirectional data bus (DATAOQ—DATA7). 


Single-chip mode: Port B is a general-purpose bidirectional I/O port. 
Expansion mode: Port B can be programmed individually as the low-order address 
output bus (ADDRO—ADDR7). 


ADDR8 

ADDR9 
ADDR10 
ADDR11 
ADDR12 
ADDR13 


Single-chip mode: Port C is a general-purpose bidirectional I/O port. 
Expansion mode: Port C can be programmed individually as the high-order address 
output bus (ADDR8—ADDR15). 


ADDR14 
ADDR15 


External (nonmaskable or maskable) interrupt/general-purpose input pin 
External maskable interrupt input/general-purpose bidirectional pin 
External maskable interrupt input/general-purpose bidirectional pin 


ADC1 analog input (ANO—AN7) or positive reference pins (AN1—AN7) 
Port E can be programmed individually as general-purpose input pins if not used as 
ADC1 analog input or positive reference input. 


ADC1 positive-supply voltage and optional positive-reference input pin 
ADC1 ground reference pin 


System reset bidirectional pin. As an input, RESET initializes the microcontroller; as 
open-drain output, RESET indicates that an internal failure was detected by the 
watchdog or oscillator fault circuit. 


Mode control (MC) pin. MC enables EEPROM write-protection-override (WPO) 
mode, also EPROM Vpp. 


XTAL2/CLKIN 31 Internal oscillator crystal input/external clock source input 
XTAL1 32 Internal oscillator output for crystal 

Voc1 ioe Daea tia! Clee same 31, 57 | 33, 61 Bie Positive supply voltage 

a i een ate, es een a 15,63 ca Positive supply voltage for digital I/O 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Also, port D3 can be configured as SYSCLK. 
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Pin Descriptions (Continued) 


Ground reference for digital logic 


Ground reference for digital 1/O logic 


Single-chip mode: Port D is a general-purpose bidirectional |/O port. Each of 
the port D pins can be configured individually as a general-purpose |/O pin, 
primary memory control signal (function A), or secondary memory control 
signal (function B). All chip selects are independent and can be used for 
memory bank switching. Refer to Table 1 for function A memory accesses. 


CSE OCE 1/0 pin A: Chip-select eighth output 2 goes low during memory accesses. 
1/O pin B: Opcode fetch goes low during the opcode fetch memory cycle. 


1/0 pin A: Chip-select half output 3 goes low during memory accesses. 
1/O pin B: Reserved 


1/O pin A: Chip-select half output 2 goes low during memory accesses. 
1/O pin B: Reserved 


1/OpinA, B: Internal clock signal is 1/1 (PLL) or 1/4 XTAL2/CLKIN frequency. 
1/O pin A, B: Read/write output pin 


1/O pin A: Chip-select peripheral output for peripheral file goes low during 
memory accesses. 
1/O pin B: Reserved 


1/O pin A: Chip-select half output 1 goes low during memory accesses. 
1/O pin B: External data strobe output goes low during memory accesses from 
external memory and has the same timings as the five chip selects. 


1/O pin A: Chip-select eighth output goes low during memory accesses. 
1/O pin B: Wait input pin extends bus signals. 


Port G is a general-purpose bidirectional port. 


T1IC/CR Timer1 input capture/counter-reset input pin/ general-purpose bidirectional 
pin 

T1PWM Timer1 pulse-width-modulation (PWM) output pin/general-purpose 
bidirectional pin 

TIEVT Timer1 external event input pin/ general-purpose bidirectional pin 


T2AIC1/CR T2AI01 Timer2A input capture 1/counter reset input pin/general-purpose 
bidirectional pin 
T2AIC2/PWM T2AIO2 Timer2A input capture 2/PWM output pin/general-purpose bidirectional pin 
T2AEVT T2AIO3 Timer2A external event input pin/ general-purpose bidirectional pin 
Tt | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 also can be configured as SYSCLK. 


Table 1. Function A: Memory Access Locations for ‘x77 Device 
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functional block diagram 


EO-E7 
ete. or 
INT? INT2 INT3 XTAL1 XTAL2/ MC RESET ANO-AN7 
CLKIN 
— 
Baer as AAS | AS eed RT ae is SR SG SVE Me 


Clock Options: —— Vcc3 
aides tie ee pee COS _-——«{_~—s A-to-D Converter 1 
Divide-by-1(PLL) —s-_ 
s 2 Vss3 
a T2AIC1/CR 


RAM T2AEVT 
T1IC/CR 
Data EEPROM TIEVT 
Program Memory Aoi 
ROM: 24K Bytes 256 Bytes 


EPROM: 24K Bytes 


copes Veer 
Se O—4 8/6! y 


T For the 64-pin devices, there are only six pins for port D. 
+ For the 64-pin devices, omit these power pins 


description 


The TMS370C077, TMS370C777, and SE370C777 devices are members of the TMS370 family of single-chip 
8-bit microcontrollers. Unless otherwise noted, the term TMS370Cx7x refers to these devices. The TMS370 
family provides cost-effective real-time system control through integration of advanced peripheral function 
modules and various on-chip memory configurations. 


The TMS370Cx7x family is implemented using high-performance silicon-gate CMOS EPROM and EEPROM 
technologies. The low-operating power, wide-operating temperature range, and noise immunity of CMOS 
technology, coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370Cx7x devices attractive in system designs for automotive electronics, industrial motor control, 
computer peripheral control, telecommunications, and consumer application. 


All TMS370Cx7x devices contain the following on-chip peripheral modules: 


@ Eight-channel, 8-bit analog-to-digital converter 1 (ADC1) 
@ One 24-bit general-purpose watchdog timer 
@ Two 16-bit general-purpose timers (one with an 8-bit prescaler) 


vy TEXAS 
INSTRUMENTS 


12-6 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx7x 
8-BIT MICROCONTROLLER 


SPNS034B — SEPTEMBER 1995 — REVISED MARCH 1996 
description (continued) 


Table 2 provides a memory configuration overview of the TMS370Cx7x devices. 


Table 2. Memory Configurations 


PROGRAM OFF-CHIP 


MEMORY seeing DATA MEMORY | OPERATING 
BYTES MODES 
DEVE (BYTES) EXPANSION ( ) 


[mom [eProw| (GYTES) [Ram [ecPROM| uct | wT 
Prussrocorm tex | — | om | si2 | 256 | v | v | FN-PLCC/NM-PSDP 
Prussrocrr™m | — | eax [eax | st | 256 | ¥ | ¥ | FN-PLCC/NM-PSDIP 
[sesrocrr™at | — | 2a eae sa | ose | vy] pz cLoc/ Nose 


tT uC — Microcomputer mode 
LLP — Microprocessor mode 
t System evaluators and development tools are for use only in a prototype environment, and their reliability has not been characterized. 


PACKAGES 
68-PIN PLCC/CLCC, OR 
64-PIN PSDIP/CSDIP 


The suffix letter A appended to the device names shown in the device column of Table 2 indicates the 
configuration of the device. ROM and EPROM devices have a different configuration as indicated in Table 3. 
ROM devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 3. Suffix Letter Configuration 


DEVICES WATCHDOG TIMER CLOCK LOW-POWER MODE 


Ben A Standard Divide-by-4 (Standard oscillator) Enabled 


Standard 
ROMA Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


§ Refer to the “device numbering conventions” section for device nomenclature and the “device part numbers” section for ordering. 


The 24K bytes of mask-programmable ROM in the associated TMS370C077 device are replaced with 
24K bytes of EPROM in the TMS370C777 while all other available memory and on-chip peripherals are 
identical. A one-time-programmable device (OTP) (TMS370C777) and a reprogrammable device 
(SE370C777) are available. 


The TMS370C777 OTP device is available in a plastic package. This microcontroller is effective for use as an 
immediate production update for the TMS370C077 ROM device or for low-volume production runs when the 
mask charge or cycle time for the low-cost mask-ROM device is not practical. 


The SE370C777 has a windowed ceramic package that allows reprogramming of the program EPROM memory 
during the development/prototyping design phase. The SE370C777 device allows quick updates to 
breadboards and prototype systems while iterating initial designs. 


The TMS370Cx7x family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator and the general-purpose timer remain active. In the HALT mode, 
all device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370Cx7x features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx7x family is fully 
instruction-set-compatible, allowing easy transition between members of the TMS370 8-bit microcontroller 
family. 
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description (continued) 


For large memory applications, the TMS370Cx7x family provides an external bus with non-multiplexed address 
and data. Precoded memory chip-select outputs can be enabled, allowing minimum-chip-count system 
implementations. Wait-state support facilitates performance matching among the CPU, external memory, and 
the peripherals. All pins associated with memory expansion interface are individually software configurable for 
general-purpose digital input/output (I/O) pins when operating in the microcomputer mode. 


The TMS370Cx7x family provides the system designer with very economical, efficient solutions to real-time 
control applications. The TMS370 family extended development system (XDS™) and compact development 
tool (CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370Cx7x into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C language, and the output code can be generated by the linker. The TMS370 family 
XDS development tools communicate through a standard RS-232-C interface with an existing personal 
computer. This allows the use of personal-computer editors and software utilities already familiar to the 
designer. The TMS370 family XDS emphasizes ease-of-use through extensive use of menus and screen 
windowing so that a system designer with minimal training can begin developing software. Precise real-time 
in-circuit emulation and extensive symbolic debug and analysis tools ensure efficient software and hardware 
implementation as well as a reduced time-to-market cycle. 


The TMS370Cx7x family, together with the TMS370 family XDS/22, CDT370, starter kit, software tools, the 
SE370C777 reprogrammable device, comprehensive product documentation, and customer support, provide 
a complete solution to the needs of the system designer. 


modes 


The TMS370Cx7x has four operating modes, two basic modes with each mode having two memory 
configurations. The basic operating modes are the microcomputer and microprocessor modes, which are 
selected by the voltage level applied to the dedicated MC pin two cycles before RESET goes inactive. The two 
memory configurations then are selected through software programming of the internal system configuration 
registers. The four operating modes are the microcomputer single chip, microcomputer with external expansion, 
microprocessor without internal program memory, and microprocessor with internal program memory. These 
modes are described in the following list. 


@® Microcomputer single-chip mode: 
— Operates as a self-contained microcomputer with all memory and peripherals on-chip 
— Maximizes the general-purpose I/O capability for real-time control applications 

@ Microcomputer with external expansion mode: 


— Supports bus expansion to external memory or peripherals, while all on-chip memory (RAM, ROM, 
EPROM, and data EEPROM) remains active 


— Configures digital I/O ports (ports A, B, C, and D) through software, under control of the associated port 
control, to become external memory as follows: 


— Port A: 8-bit data memory 
— Port B and Port C: 16-bit address memory 
— Port D: 8-bit control memory (pin not used as function A or B can be configured as |/O) 


— Utilizes the pins available (not used for address, data, or control memory) as general-purpose 
input/output by programming them individually 


XDS and CDT are trademarks of Texas Instruments Incorporated. 
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modes (continued) 


— Lowers the system cost by not requiring an external address/data latch (address memory and data 
memory are nonmultiplexed) 


— Reduces external interface decode logic by using the precoded chip-select outputs that provide direct 
memory/peripheral chip-select or chip-enable functions 


— Function A maps up to 64K bytes of external memory into the address space by using CSE1, CSE2, 
CSH1, CSH2, and CSH3 as memory-bank selects under software control. 


— Function B maps up to 24K bytes of external memory into the address space by using EDS under 
software control. 


@ Microprocessor without internal program memory mode: 


— Ports A,B, C, and D (these ports are not programmable) become the address, data, and control buses 
for interface to external memory and peripherals. 


— On-chip RAM and data EEPROM remain active, while the on-chip ROM or EPROM is disabled. 
— Program area and the reset, interrupt, and trap vectors are located in off-chip memory locations. 
@ Microprocessor with internal program memory mode: 


— Configured as the microprocessor without internal program-memory mode with respect to the external 
bus interface 


— Application program in external memory enables the internal program ROM or EPROM to be active in 
the system. (Writing a 0 to the memory disabled control bit (SCCR1.2) of the SCCR1 control register 
accomplishes this.) 


memory/peripheral wait operation 


The TMS370Cx7x enhances interface flexibility by providing WAIT-state support, decoupling the cycle time of 
the CPU from the read/write access of the external memory or peripherals. External devices can extend the 
read/write accesses indefinitely by placing an active low on the WAIT input pin. The CPU continues to wait as 
long as WAIT remains active. 


Programmable automatic wait-state generation is provided also by the TMS370Cx7x on-chip bus controller. 
Following a hardware reset, the TMS370Cx7x is configured to add automatically one wait state to all external 
bus transactions and memory and peripheral accesses, making every external access a minimum of three 
system-clock cycles. The designer can disable the automatic wait-state generation if the AUTOWAIT DISABLE 
bit in SCCR1 is set to 1. Also, all accesses to the upper four frames of the peripheral file can be extended 
independently to four system-clock cycles if the PF AUTO WAIT bit in SCCRO is set to 1. Programmable wait 
states can be used in conjunction with the external WAIT pin. In applications where the external device 
read/write access can interface with the TMS370Cx7x CPU using one wait state, the automatic wait-state 
generation can eliminate external WAIT interface logic, lowering system cost. 


CPU 


The CPU used on TMS370Cx7x devices is the high-performance 8-bit TMS370 CPU module. The ’x7x 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’x7x instruction set is summarized in Table 18. Figure 1 illustrates the CPU registers 
and memory blocks. 
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CPU (continued) 


15 cas Counter = 0 


7 Stack Pointer (SP) 0 Legend: 
C=Carry V=Overflow 
N=Negative 1E2=Level2 interrupts Enable 


Status Register (S Z=Zero 1E1=Level1 interrupts Enable 
pc [N [z |v fie2| 161] — |—| 
Te ee Be See 


0000h 
6 pat ate ies he 512-Byte RAM (0000h = 01 FFh) Sy Par st ene ee 01 00h 
0200h 
Reservedt 
Peripheral File 1000h 
Peripheral Expansion 10C0h 
1100h 
Reservedt La 
Data EEPROM, 256 Bytes (1F00h—1FFFh) 1FO0h 
2000h 
24K-Byte ROM/EPROM (2000h-7FFFh) 
RAM (Includes 256-Byte Registers File) 
[aisic§ SRR Sa. || ESCM Ran aaa ReimeegyP mene eeser Capen ap See Ss eat 7FCOh 
0001h ee ea ee Interrupts and Reset Vectors; Trap Vectors 
eo ee se 
cai! Ene: 
peoeer” “ 
007Fh R127 
A000h 
Memory Expansion 
<i} SER SACS Saas FFFFh 


t Reserved means that the address space is reserved for future expansion. 
+ Not available means that the address space is not accessible. 


Figure 1. Programmer’s Model 
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CPU (continued) 
The ’x7x CPU architecture provides the following components: 
@ CPU registers: 
A stack pointer that points to the last entry in the memory stack 


A status register that monitors the operation of the instructions and contains the global-interrupt-enable 
bits 


— Aprogram counter (PC) that points to the memory location of the next instruction to be executed 


@® Amemory map that includes : 


— 512 bytes of general-purpose RAM that can be data memory storage, program instructions, 
general-purpose register, or the stack (can be located only in the first 256 bytes) 


— Aperipheral file that provides access to all internal peripheral modules, system-wide control functions, 
and EEPROM/EPROM programming control 


— A256-byte EEPROM module that provides in-circuit programmability and data retention in power-off 
conditions 


— 24K-bytes of ROM or 24K-bytes of EPROM program memory 
stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. The stack is used 
typically to store the return address on subroutine calls as well as the status register contents during interrupt 
sequences. 


The SP points to the last entry or to the top of the stack. The SP increments automatically before data is pushed 
onto the stack and decrements after data is popped from the stack. The stack can be located only in the first 
256 bytes of the on-chip RAM memory. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global-interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits: 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional jump instructions) use these status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 


The ST register and status-bit notation are shown in Table 4. 


Table 4. Status Register 


Se 
RW-0 RW-0 


RW-0 RW-0 RW-0 
R = read, W = write, 0 = value after reset 
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CPU (continued) 


program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most-significant byte (MSbyte) and least-significant byte (LSbyte) of a 16-bit address. 


The contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter during reset. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
2000h as the contents of memory locations 7FFEh and 7FFFh (reset vector). 
Program Counter (PC) 
Memory PCH PCL 


rat) Pe ee 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx7x architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory-mapped in this same common 
address space. In the expansion mode, external memory peripherals are also memory-mapped into this 
common address. As shown in Figure 3, the TMS370Cx7x provides a 16-bit address range to access internal 
or external RAM, ROM, data EEPROM, EPROM input/output pins, peripheral functions, and system-interrupt 
vectors. 


The peripheral file contains all input/output port control, on- and off-chip peripheral status and control, EPROM, 
EEPROM programming, and system-wide control functions. The peripheral file consists of 256 contiguous 
addresses located from 1000h to 10FFh. The 256 contiguous addresses are divided logically into 16 peripheral 
file frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through which peripheral 
control and data information is passed. The TMS370Cx7x has its on-chip peripherals and system control 
assigned to peripheral file frames 1 through 7, addresses 1010h through 107Fh. 
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memory map (continued) 


X77 Peripheral File Control Registers 


1000h-100Fh 
512-Byte RAM 1010h—-101Fh 
(0000h-01 FFh) 1020h-102Fh 
ick 
1040h-104Fh 


1050h—105Fh 
Io Se ee ee ae = imer 2A Peripheral Contr} 4 960h-106Fh 
os Se peers Peripheral File ADC1 Peripheral Contr. | 4979h-107Fh 
see Raters 1080h—-10BFh 
External Peripheral Expansion 


Reservedt Reservedt 
Vectors 


=  256-Byte Data EEPROM Trap 15-0 7FCOh-7FDFh 
—— < anaeeacy 7FEOh-7FEBh 
ADC1 7FECh-7FEDh 
ome =~" (S| (Ri oa ne MMmneare) MEM mr A Sty Reserved 
“ Interrupts and Reset | Reserved 7FF2h-7FFSh 
Not Availablet 7FF6h-7FF7h 


Interrupt 2 7FFAh-7FFBh 
External Interrupt 1 7FFCh-7FEDh 


pecnseesinss 


Not Availablet 


eennerncceees 


Not Availablet 


External$ 


Microcomputer Microcomputer Microprocessor With Microprocessor Modell 
Single Chip Mode Mode With External Internal Program 
Expansion Memory 


On-Chip For TMS370Cx77 Devices 


Tt Reserved = the address space is reserved for future expansion. 

+ Not available = address space is unavailable in the mode illustrated. 

§ Precoded chip-select outputs available on external expansion bus. 

1l Microprocessor mode is designed for ROM-less devices, ROM and EPROM devices also can be used but in this mode all on-chip memory is 
ignored. 


Figure 3. TMS370Cx7x Memory Map 


RAM/register file (RF) 


Locations within RAM address space can serve as either register file or general-purpose read/write memory, 
program memory, or stack instructions. The TMS370Cx7x device contains 512 bytes of internal RAM mapped 
beginning at location 0000h and continuing through location 01FFh which is shown in Figure 3. The first 
256 bytes of RAM (0000h — OOFFh) are the register files, RO through R255. 


The first two registers, RO and R1, are also called registers A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 
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peripheral file (PF) 


The TMS370Cx7x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the peripheral file (PF) 
directly. These instructions designate the register by the number of the PF relative to 1000h, preceded by PO 

_ for a hexadecimal designator, or by P for a decimal designator. For example, the system control register 0 
(SCCRO) is located at address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal 
designator is P16. Table 5 shows the TMS370Cx7x peripheral files. 


Table 5. TMS370Cx7x Peripheral File Address Map 


Reserved for factory test 
Digital I/O port control registers 


Analog-to-digital converter 1 registers 
External peripheral control 


data EEPROM 


The TMS370Cx7x devices contain 256 bytes of data EEPROM, and have a memory map beginning at location 
1FOOh, and continuing through location 1FFFh. Writing to the data EEPROM module is controlled by the data 
EEPROM control register (DEECTL) and the write-protection register (WPR). Programming algorithm 
examples are available in the TMS370 Family User's Guide (literature number SPNU127), or the TMS370 
Family Data Manual (SPNS014B). The data EEPROM features inclucle the following: 


@® Programming: 


— Bit, byte, and block write/erase modes 
— Internal charge pump circuitry: No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the data EEPROM control register 
(DEECTL) located in the PF frame beginning at location PO1A. 


—  In-circuit programming capability: There is no need to remove the device to program. 
® Write-protection: Writes to the data EEPROM are disabled during the following conditions: 
— Reset: All programming of the data EEPROM module is halted. 
— Write protection active: There is one write-protect bit per 32-byte EEPROM block. 
— Low-power mode operation 
@® Write protection can be overridden by applying 12 V to MC. 


Table 6 shows the memory map of the control registers. 
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data EEPROM (continued) 


Table 6. Data EEPROM and Program EPROM Control Registers Memory Map 


ADDRESS SYMBOL 
101Ah (PO1A) DEECTL Data EEPROM control register 
(O1Bh (POTB) 
) 


NAMETt 


101Eh (PO1E) EPCTLL Program EPROM control register — low array © 
‘ 


t For the 24K-byte EPROM device, the program memory is controlled by PO1C and PO1E. 


program EPROM 


The TMS370C777 contains 24K bytes of program EPROM made up of one 16K-byte array and one 8K-byte 
array. The 16K-byte array is located at address locations 2000h through 5FFFh, and the 8K-byte array is located 
at address locations 6000h through 7FFFh, as shown in Table 7. | 


Table 7. TMS370C777 EPROM Memory Map 


As shown in Table 7 for the two EPROM areas, the 16K-byte array is controlled by register EPCTLL located at 
101Eh (PO1E), and the 8K-byte array is controlled by register EPCTLM located at 101Ch (PO1C). 


Reading the program-EPROM modules is identical to reading other internal memory. During programming, the 


EPROM is controlled by the program EPROM control registers EPCTLL and EPCTLM. The program EPROM » 


modules’ features include: 
@ Programming 
—  I|n-circuit programming capability if Vpp is applied to the MC pin 


— Control register: Program EPROM programming is controlled by the program EPROM control registers 
EPCTLL and EPCTLM, located at the addresses in PF frame 1 as shown in Table 6. 


— Programming one EPROM module while executing the other 
@ Write-protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset: All programming to the EPROM module is halted. 
— Low-power modes 
—  13V not applied to MC 
program ROM 


The program ROM consists of 24K bytes of mask-programmable ROM. The program ROM is used for 
permanent storage of data or instructions. Programming of the mask ROM is performed at the time of device 
fabrication. Memory addresses 7FEOQh—7FEBh is reserved for Texas Instruments (TI™). 7FECh to 7FFFh are 
reserved for interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP15 instructions, are 
located between addresses 7FCOh and 7FDFh. , 


Tl is a trademark of Texas Instruments Incorporated. 
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The system-reset operation ensures an orderly start-up sequence for the TMS370Cx7x CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
generated internally, while one (RESET) is controlled externally. These actions are as follows: 


@® External RESET pin. A low-level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle (it is possible, however, that a signal of less than one SYSCLK 
could cause a reset). See the TMS370 Family User’s Guide (literature number SPNU127) or the TMS370 
Family Data Manual (SPNS014B) for more information. 


@® Watchdog (WD) timer. A watchdog-generated reset occurs when an improper value is written to the WD 
key register or when the re-initialization does not occur before the watchdog timer timeout. See the TMS370 
Family User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual (SPNS014B) for 
more information. 


® Oscillator reset. Reset occurs when the oscillator operates outside the recommended operating range. See 
the TMS370 Family User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual 
(SPNS014B) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x7x device to reset external system components. Additionally, if a cold-start condition 
(e.g., Vcc is off for several hundred milliseconds) exists, an oscillator failure occurs, or the RESET pin is held 
low, then the reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator fault flag (OSC FLT FLAG, SCCRO.4), the cold start flag 
(COLD START, SCCRO.7), and the watchdog reset (WD OVRFLINT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 8 lists the reset sources. 


Table 8. Reset Sources 


Cmecisten [ADDRESS [PF | BING 
[socra | toi | row | 7 1 
[nena | toms [pon 


Once a reset is activated, the following sequence of events occurs: 

The CPU registers initialize: ST = OOh, SP = 01h (reset state). 

Registers A and B initialize to 00h (no other RAM is changed). 

The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


CONTROL BIT NAME 
COLD START 
OSC FLT FLAG 
WD OVREL INT FLAG 


SOURCE OF RESET 
Cold (power-up) 
Oscillator out of range 


Watchdog timer timeout 


ho eae ee 


Program execution begins with an opcode fetch from the address pointed to by the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. During RESET, the two basic operating modes, which are the 
microcomputer and microprocessor modes, can be selected by applying the desired voltage level to the 
dedicated MC pin two cycles before RESET goes inactive (refer to modes section for operating modes 
description). 


When an external reset circuit is connected to RESET, RESET must be held low until the clock signal is valid 
and Vcc is within the operating range. Figure 4 shows a typical reset circuit. 
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system reset (continued) 


To Other Device Resets 
Vcoc1 
C) 


TMS370 


Reset In 


I Reset Out 


Toe 


Figure 4. Typical Reset Circuit 


interrupts 


The TMS370 family software programmable interrupt structure permits flexible on-chip and external-interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware-interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global-interrupt mask bits (IE1 and IE2) of 
the status register. 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is configured selectively on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion for future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370Cx7x has six hardware-system interrupts (plus RESET) as shown in Table 9. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. All of the interrupt sources are maskable individually by local interrupt-enable control bits in 
the associated peripheral file (PF). Each interrupt source FLAG bit is readable individually for software polling 
or for determining which interrupt source generated the associated system interrupt. The interrupt-control block 
diagram is illustrated in Figure 5. 


vy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 12-17 


TMS370Cx7x 
8-BIT MICROCONTROLLER 


SPNS034B — SEPTEMBER 1995 — REVISED MARCH 1996 


interrupts (continued) 


EXT INT 3 


EXT INT 2 


TIMER 2A TIMER 1 
INT3 PRI 


Overflow ~ Overflow at 
Compare _— Compare ae 
Ext Edge a Ext Edge — 
Compare2 — Compare2 neal 
Input Capture tee input Capture 1_— 
Input Capture 2_— Watchdog — 


Priority 
Logic 


Level 1 INT 


Level 2 INT 


AID —o~ 


Figure 5. Interrupt Control 


Of the six system interrupts, three are generated by on-chip peripherals (T1INT, T2AINT, and ADINT) and three 
are external interrupts (INT1—INT3). Software configuration of the external interrupts is performed through the 
INT1, INT2, and INT3 control registers in PF frame 1. 


Each external interrupt is individually software configurable for input polarity (rising or falling edge) for ease of 
system interface. External interrupt INT1 is software configurable as either a maskable or non-maskable 
interrupt. When INT1 is configured as nonmaskable, it cannot be masked by the individual- or global-enable 
mask bits. The INT1 NMI bit is protected during non-privileged operation and therefore should be configured 
during the initialization sequence following reset. To maximize pin flexibility, external interrupts INT2 and INT3 
can be software configured as general-purpose input/output pins if the interrupt function is not required (INT1 
can be configured similarly as an input pin). Table 9 lists the interrupt vector sources, corresponding addresses, 
and hardware priorities. 
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interrupts (continued) 


Table 9. Hardware System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYt 


External RESET COLD START 
Watchdog overflow WD OVREL INT FLAG RESET+ 7FFEh, 7FFFh 1 
Oscillator fault detect OSC FLT FLAG 


External INT1 INT1 FLAG INT1+ ae tis ee ee ee 
External INT2 INT2 FLAG INT2+ 7FFAh, 7FFBh 
External INT3 INT3 FLAG INT3t 7FF8h, 7FF9h 


Timer 1 overflow T1 OVRFL INT FLAG 
Timer 1 compare 1 T1C1 INT FLAG 
Timer 1 compare 2 T1C2 INT FLAG 

Timer 1 external edge T1EDGE INT FLAG THINTS TERS ee 

Timer 1 input capture 1 T1IC1 INT FLAG 

Watchdog overflow WD OVREL INT FLAG 

T2AINT 7FEEh, 7FEFh 

Timer 2A input capture 1 T2AIC1 INT FLAG 

Timer 2A input capture 2 T2AIC2 INT FLAG 

ADC1 conversion complete AD INT FLAG ADINT 7FECh, 7FEDh 
T Relative priority within an interrupt level 
+ Releases microcontroller from STANDBY and HALT low-power modes 
§ Releases microcontroller from STANDBY low-power mode 


T2A OVREL INT FLAG 
T2AC1 INT FLAG 
T2AC2 INT FLAG 
T2AEDGE INT FLAG 


Timer 2A overflow 
Timer 2A compare 1 
Timer 2A compare 2 
Timer 2A external edge 


privileged operation and EEPROM write-protection override 


The TMS370Cx7x family has significant flexibility to enable the designer to software-configure the system and 
peripherals to meet the requirements of a broad variety of applications. The nonprivileged mode of operation 
ensures the integrity of the system configuration, once it is defined for an application. Following a hardware 
reset, the TMS370Cx7x operates in the privileged mode, where all peripheral file registers have unrestricted 
read/write access, and the application program configures the system during the initialization sequence 
following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) should be set 

« to 1 to enter the nonprivileged mode, thereby disabling write operations to specific configuration control bits 
within the peripheral file. Table 10 lists the system configuration bits that are write-protected during the 
nonprivileged mode and must be configured by software prior to exiting the privileged mode. 
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privileged operation and EEPROM write-protection override (continued) 


Table 10. Privileged Bits 


REGISTERT 
CONTROL BIT 
[NAME | LOCATION 


P010.5 PF AUTOWAIT 
pie P010.6 OSC POWER 
SCCR1 P011.2 MEMORY DISABLE 
P011.4 AUTOWAIT DISABLE 
PRIVILEGE DISABLE 


INT1 NMI 
CPU STEST 


BUS STEST 
PWRDWNWN/IDLE 
HALT/STANDBY 


PO4E6 T1 PRIORITY 
TIPRI PO4E7 T1 STEST 
PO6F.6 T2A PRIORITY 
TeAPRI PO6E7 T2A STEST 
PO7E5 AD ESPEN 
ADPRI PO7F6 AD PRIORITY 
PO7E7 AD STEST 


T The privileged bits are shown in a bold typeface in the peripheral file frame 1 section. 


The write-protect-override (WPO) mode provides an external hardware method of overriding the 
write-protection registers of the data EEPROM on the TMS370Cx7x. To enter the WPO mode apply a 12-V input 
to the MC pin after the RESET input goes high (logic 1). The high voltage on MC during the WPO mode is not 
the programming voltage for the data EEPROM or program EPROM. All EEPROM programming voltages are 
generated on-chip. The WPO mode provides hardware-system-level capability to modify the content of the data 
EEPROM while the device remains in the application but only while requiring a 12-V external input on the MC 
pin (normally not available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370Cx7x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the idle instruction when the PWRDWN/IDLE bit in register SCCR2 has been set to 1. 
The HALT/STANDBY bit in SCCR2 controls which low-power mode is entered. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, and timer 1 remain active. System processing is suspended until a 
qualified interrupt (hardware RESET, external interrupt on INT1, INT2, INT3, or timer 1 interrupt) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370Cx7x is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET or an external interrupt on INT1, INT2, INT3) is detected. 
The low-power mode selection bits are summarized in Table 11. 
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low-power and IDLE modes (continued) 


Table 11. Low-Power/Idle Control Bits 


POWER-DOWN CONTROL BITS 
PWRDWN/IDLE | HALT/STANDBY MODE SELECTED 
(SCCR2.6) (SCCR2.7) 


Tee oe 


X = don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an IDLE instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog is selected. This means 
that the NMI always is generated, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (stack pointer, program counter, and status register), I/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU instruction processing is stopped during the 
STANDBY and HALT modes, the clocking of the watchdog timer is inhibited. 


clock modules 


The ‘370Cx7x family provides two clock options which are referred to as divide-by-1 (PLL) and divide-by-4 
(standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the manufacturing 
process of a TMS370 microcontroller. The ‘370Cx7x ROM-masked devices offer both options to meet system 
engineering requirements. Only one of the two clock options is allowed on the ROM device while the EPROM 
devices have the divide-by-4 option. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a 1-to-1 match of the external resonator frequency to the internal system clock 
(SYSCLK) frequency. The divide-by-4 produces a SYSCLK which is one-fourth the frequency of the external 
resonator. Inside the divide-by-1 module, the frequency of the external resonator is multiplied by four. The clock 
module then divides the resulting signal by four to provide the four-phased internal system clock signals. The 
resulting SYSCLK is equal to the resonator frequency. The frequencies are formulated as follows: 


Divide-by-4 option “SYSCLK = external sol frequency z GLKIN 
f 4 
Divide-by-1 option: SYSCLK = Sena Seenaih Pea x S = CLKIN 


The main advantage of choosing a divide-by-1 oscillator is the improved EMI performance. The harmonics of 
low-speed resonators extend through less of the emissions spectrum than the harmonics of faster resonators. 
The divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a 
steeper decay of emissions produced by the oscillator. 
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system configuration registers 


Table 12 lists system configuration, control functions, and registers for controlling EEPROM programming. The 
privileged bits are bold typefaced and shaded. 


Table 12. Peripheral File Frame 1: System Configuration Registers 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


COLD Osc 


PF AUTO- 
WAIT - 


| OSC FLT MC PIN MC PIN uP/C 


AUTOWAIT 
P012 HALT/ PWRDWN/ “Bus CPU 
STANDBY IDLE STEST STEST 
P013 
to Reserved 
P016 
INT1 INT1 INT1 INT1 INT1 


pois INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR | DATAOUT | POLARITY | PRIORITY ENABLE 

Po19 INT3 INTS INT3 INTS INT3 INT3 INT3 INT3 
FLAG PIN DATA er DIR | DATA a POLARITY | PRIORITY ENABLE 


[wiwo | exe | deecT. 


PO1B ae 
Soe SS ae ee aS Ee CRE ee ay A 
P01D Reserved 
poet BURY bp oMERE | ene Pa ae Meets EPCTL 
PO1F Reserved 
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digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 13 lists the specific 
addresses, registers, and control bits within this peripheral file frame. 


Table 13. Peripheral File Frame 2: Digital Port Control Registers 


PF REG 

P028 Reserved CPORT1 

P029 Port C Control Register 2 CPORT2 

PO2A Port C Data CDATA 

P02 DPORT 
to Reserved 

P035 

“| ae ee Sa eeae Port G Data GDATA 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = O8h. 
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digital port control registers (continued) 


Table 14. Port Configuration Register Setup 


FUNCTION B 
INPUT OUTPUT FUNCTION A (uP MODE) 
PORT 


XPORT1 = oT XPORT1 = oT XPORT1 = oT XPORT1 = 1T 
XPORT2 = 0 XPORT2 = 0 XPORT2 = 1 XPORT2 = 1 
XDATA = y XDATA = q XDATA = x XDATA = x 
XDIR =0 XDIR = 1 XDIR = x XDIR = x 


F 


Data In y Data Out q 


NOohWON —- © 


XPORT1 = 1 
XPORT2 = 0 


Not defined 
XDATA = x 
XDIR = x 


t DPORT only 


timer 1 (T1) module 


The programmable timer 1 (T1) module of the TMS370Cx7x provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers, T1 and WD, allow program selection of input clock 
sources (real-time, external event, or pulse-accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The T1 module includes three external device pins that can be used 
for multiple counter functions (operation-mode dependent) or used as general-purpose I/O pins. The T1 module 
block diagram is shown in Figure 6. 
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timer 1 (T1) module (continued) 


Edge 16-Bit 


Register 


16-Bit 
Compare Interrupt 


<THEVT > 8-Bit Register Logic 
Prescaler 


Interrupt 


Logic 
16-Bit g 


Watchdog Counter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins: 
— T1IC/CR: Timer 1 input capture / counter reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: Timer 1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: Timer 1 event input pin, or general-purpose bidirectional 1/O pin 
@ Two operation modes: 
— Dual-compare mode: Provides PWM signal 
— Capture/compare mode: Provides input-capture pin 
@ One 16-bit general-purpose resettable counter 
@ One 16-bit compare register with associated compare logic 


@® One 16-bit capture/compare register, which, depending on the mode of operation, operates as either 
capture or compare register. 


@ One 16-bit watchdog counter can be used as an event counter, a pulse accumulator, or an interval timer 
if watchdog feature is not needed. 


Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 


Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR). 
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timer 1 (T1) module (continued) 


@ Interrupts that can be generated on the occurrence of: 


— Acapture 


A compare equal 


A counter overflow 
— Anexternal edge detection 
® Sixteen T1 module control registers: Located in the PF frame beginning at address P040 


Table 15 lists the T1 module control register. 


Table 15. Timer 1 Module Register Memory Map 


PF REG 

Modes: Capture/Compare and Dual-Compare 
PO40 | Bit 15 T1 Counter MSbyte Bit8 | TICNTR 
P0O41 | Bit 7 T1 Counter LSbyte Bit 0 
P042 | Bit 15 Compare Register MSbyte Bit 8 |} T1C 
P043 | Bit 7 Compare Register LSbyte Bit 0 
P044 | Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
P045 | Bit 7 Capture/Compare Register LSbyte Bit 0 
PO46 | Bit 15 Watchdog Counter MSbyte Bit 8 |} WOCNTR 
P047 | Bit 7 Watchdog Counter LSbyte Bit 0 
P048 | Bit 7 Watchdog Reset Key BitO | WORST 
poag | WOOVREL | input eur | input | TUINPUT Joon, 

SELECT2t | SELECTiT | SELECTot SELECT2 | SELECT1 

RST ENAT INT ENA INT FLAG INT ENA INT FLAG 

Mode: Dual-Compare 
vol wins [wie [ore [| — | — | wr ren 

MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA 
Mode: Capture/Compare 
Modes: Capture/Compare and Dual-Compare | 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION | DATADIR 


T Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 
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timer 1 (T1) module (continued) 


The T1 capture/compare-mode block diagram is illustrated in Figure 7. The annotations on the diagram identify 


the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 
bit 0, in the T1CTL2 register. 


T1CC.15-0 
16-Bit 
Prescale Capt/Comp = pk 
Register MSB OUT ENA T1PC2.7-4 
ource C T1CTL4.6 
3 <tewi> 
T1CNTR. 15-0 


LSB 16-Bit 
MSB Counter 


T1C1 INT FLAG 


(T1CTL3.6)-c 


Reset oN 
T1CTL3.0 
LBS T1C.15-0 ) Fe T1C1 INT ENA 
RESET 
16-Bit LSB 
T1CTL2.0 T1C1 Compare 


RST ENA Register MSB 


T1 OVREFL INT FLAG 


(ricT123}-0 


T1 OVRFL INT ENA 


T1EDGE INT FLAG 


(rieT13.7}- 


TI1EDGE INT ENA 


T1PC2.3-0 
T1EDGE DET ENA 


Edge 

Select O 
T1CTL4.0 
T1CTL4.2 


T1EDGE POLARITY 


Figure 7. Capture/Compare Mode 


sa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 12-27 


TMS370Cx7x 
8-BIT MICROCONTROLLER 


SPNS034B — SEPTEMBER 1995 — REVISED MARCH 1996 


timer 1 (T1) module (continued) 


The T1 dual-compare mode block diagram is illustrated in Figure 8. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 


bit 0, in the T1CTL2 register. 


T1CC.15-0 


16-Bit T1C2 INT FLAG 
Prescaler epee 
Clock Register 
Source T1CTL3.1 


T1C2 INT ENA 


& Reset 
T1C1 
T1 SW RST ENA 


RESET T1C1 INT ENA 
©) © 
©) ©) 
T1CR 


T1CTL2.4 


T1 OVRFL INT ENA 


T1PC2.3-0 RST ENA 


T1CTL4.0 
T1EDGE DET ENA 


T1CTL4.2 
T1EDGE POLARITY TICTL3.2 


T1EDGE INT ENA 


Figure 8. Dual-Compare Mode 


Output 
Enable 


T1CTL4.5 
S 


T1C2 OUT ENA 


T1CTL4.6 


T1C1 OUT ENA 


T1CTL4.3 


T1CR OUT ENA 
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timer 1 (T1) module (continued) 


The TMS370Cx7x device includes a 24-bit watchdog (WD) timer, contained in the T1 module, which can be 
software programmed as an event counter, pulse accumulator, or interval timer if the WD function is not used. 
The WD function is to monitor software and hardware operation, and it implements a system reset when the 
WD counter is not serviced properly (WD counter overflow or WD counter is reinitialized by an incorrect value). 
The WD can be configured as one of the three mask options: standard WD, hard WD, or simple counter. 


@ Standard watchdog configuration for EPROM and mask-ROM devices (see Figure 9) 
— Watchdog 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


— AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written. 


— Generates a system reset if an incorrect value is written to the WD reset key or if the counter 
overflows 


— AWD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog 


— Watchdog timer can be configured as an event counter, pulse accumulator, or an interval timer 


WDCNTR.15-0 
16-Bit WD OVRFL TICTL2.6 
Watchdog Counter INT FLAG 
TICTL2.5 O O——————_ Interrupt 
Reset WD OVRFL 
= INT ENA 
Clock 
Prescaler T1CTL1.7 SEE 
WD OVRFL 
TAP SEL © O—————_ System Reset 
WD OVRFL 
Watchdog Reset Key RST ENA 
WDRST.7-0 


Figure 9. Standard Watchdog 
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timer 1 (T1) module (continued) 


Hard watchdog configuration for mask-ROM device (see Figure 10) 


Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


A WD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


Automatic activation of the WD timer upon power-up reset 
INT1 is enabled as nonmaskable interrupt during low-power modes 


A WD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a system 
reset 


WDCNTR.15-0 


WD OVRFL 
INT FLAG 


TICTL2.5 


16-Bit 
Watchdog Counter 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 
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timer 1 (T1) module (continued) 


@ Simple-counter configuration for mask-ROM devices only (see Figure 11) 


— Simple counter can be configured as an event counter, pulse accumulator, or an interval timer. 


WDCNTR. 15-0 


16-Bit WD OVFL oF 
; 
Watchdog Counter INT FLAG 1CTL2.6 
TICTL2.5 O—————__ Interrupt 


WD OVRFL 
INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


timer 2A (T2A) module 


The 16-bit general-purpose timer 2A (T2A) module is composed of a 16-bit resettable counter, 16-bit compare 
register with associated compare logic, 16-bit capture register, and a 16-bit register that functions as a capture 
register in one mode and as a compare register in the other mode. The T2A module adds an additional timer 
that provides event count, input capture, and compare functions. The T2A module includes three external 
device pins that can be dedicated as timer functions or used as general-purpose I/O pins. The T2A module block 
diagram is shown in Figure 12. 
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timer 2A (T2A) module (continued) 


ee 


(Dual-Capture Mode) 


16-Bit 
Capt/Comp —7 
Register 


(Dual-Compare Mode) 


_ / PWM <T2aicoPpwa> 
Toggle 


16-Bit 16-Bit 
Counter Compare 


Register 


Figure 12. Timer 2A Block Diagram 


The T2A module features include the following: 


Three T2A I/O pins: 
— T2AIC1/CR: T2A input capture 1/counter reset input pin, or general-purpose bidirectional I/O pin 


— T2AIC2/PWM: T2A input capture 2/pulse-width-modulation (PWM) output pin, or general-purpose 
bidirectional I/O pin 


— T2AEVT: T2A event input pin, or general-purpose bidirectional I/O pin 
Two operation modes: 

— Dual-compare mode: Provides PWM signal 

— Dual-capture mode: Provides input capture pin 

One 16-bit general-purpose resettable counter 

One 16-bit compare register with associated compare logic 

One 16-bit capture register with associated capture logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register 


T2A clock sources can be any of the following: 

— System clock 

— Noclock (the counter is stopped) 

— External clock synchronized to the system clock (event counter) 


— System clock while external input is high (pulse accumulation) 
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timer 2A (T2A) module (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T2AIC1/CR) 


@ Interrupts that can be generated on the occurrence of: 
— Acompare equal to dedicated-compare register 
— Acompare equal to capture-compare register 
— Acounter overflow 
— Anexternal edge 1 detection 
— Anexternal edge 2 detection 
@ Fourteen T2A module control registers located in the PF frame beginning at address PO60 


The T2A module control registers are listed in Table 16. 


Table 16. Timer 2A Module Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 


Modes: Dual-Compare and Dual-Capture 


PF 


PO6O | Bit 15 T2A Counter MSbyte 

PO61 | Bit 7 T2A Counter LSbyte 

PO62 | Bit 15 Compare Register MSbyte 
PO63 | Bit 7 Compare Register LSbyte 
P064 | Bit 15 Capture/Compare Register MSbyte 
PO65 | Bit 7 Capture/Compare Register LSbyte 
PO66 | Bit 15 Capture Register 2 MSbyte 
P067 | Bit 7 Capture Register 2 LSbyte 


T2A 
OVRFL INT 
ENA 


T2A 
OVRFL INT 
FLAG 


T2A 
INPUT 
SELECT1 


T2A INPUT 


PO6A SELECTO 


Mode: Dual-Compare 
T2AEDGE1 T2AC2 T2AC1 T2AEDGE1 T2AC2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AC2 T2AC1 T2AEDGE1 | T2AEDGE1 | T2AEDGE1 | T2AEDGE1 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
T2AEDGE1 T2AEDGE2 T2AC1 T2AEDGE1 | T2ZAEDGE2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AEDGE2 | T2AEDGE1 | T2AEDGE2 | T2AEDGE1 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Modes: Dual-Compare and Dual-Capture 
T2AEVT T2AEVT T2AEVT T2AEVT 
DATA IN DATA OUT | FUNCTION | DATADIR 
T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR | T2AIC/CR 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION | DATADIR 
T2A 


PO6B T2ACTL2 


PO6C T2ACTL3 


PO6B T2ACTL2 


PO6C T2ACTL3 


PO6D T2APC1 


PO6E T2APC2 


PO6F T2APRI 
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timer 2A (T2A) module (continued) 


The timer 2A dual-compare mode block diagram is illustrated in Figure 13. The annotations on the diagram 
identify the register and the bit(s) in the peripheral frame. For example, the actual address of TZACTL2.0 is 
106Bh, bit 0, in the TZACTL2 register. 


T2ACC. 15-0 


16-Bit 
Capt/Comp 


LSB 


Register 
T2ACTL2.6 O 


a T2ACTL2.1 
TaAGNTRLIES 


Output 
Enable 


T2ACTL3.5 
9 T2APC2.7-4 
T2AC2 OUT ENA 
T2ACTL3.6 <T2AIC2/PWM> 


T2AC2 INT ENA 


T2AC1 INT FLAG 


Toggle 


C) O 
Reset Compare= 
P T2ACTL20 bi nme 
T2A SW T2AC1 INT ENA Creacis.s ) 
T2AC1 
ee cde! 16-Bit LSB kes 
T2ACTL1.0 T2ACTL3.4 Compare T2AEDGE1 
S™~o Register MSB OUT ENA 
2 me. T2A OVREL INT FLAG 


T2ACTL3.1 


T2AEDGE1 


T2APC2.3-0) STENA 


T2ACTL1.3 


T2ACTL1.4 
T2A OVREL INT ENA 


T2ACTL3.0 T2AEDGE1 INT FLAG 
T2AEDGE1 DET ENA TOACTLO7 
T2ACTL3.2 ~ T2ACTL2.2 


T2AEDGE1 POLARITY T2AEDGE1 INT ENA 


Figure 13. Dual-Compare Mode 
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timer 2A (T2A) module (continued) 


The timer 2A dual-capture mode block diagram is illustrated in Figure 14. The annotations on the diagram 
identify the register and the bit(s) in the peripheral frame. For example, the actual address of TZACTL2.0 is 
106Bh, bit 0, in the T2ZACTL2 register. 


T2ACC. 15-0 T2AIC. 15-0 
16-Bit 16-Bit 
Capt/Comp LSB Capture LSB 


Clock Register1 MSB Register2 MSB 

Source 7 

T2ACNTR.15—0 
B 


LS 16-Bit 
MSB- Counter 


T2AC1 INT FLAG 


Reset 
Liao 16-Bit LSB 
rer’ T2AC1 Compare 
T2ACTL1.0 RST ENA Register MSB 
S O 
T2ACTL3.4 CRE PSE AE a pee 6 
T2ACTL3.0 
(i2APC23-0) T2AEDGE1 DET ENA 
( T2APC2.3-0 ) 
Edge O ® 
<CT2AIC1/CR>{_ Select T2ACTL3.2 
T2AEDGE1 POLARITY TOACTL3 


T2APC2.7-4 
<Teaicupww>} —49°? ae 
Select TOACTL3.3 T2AEDGE2 DET ENA 


T2AEDGE2 POLARITY 


T2ACTL2.1 


T2AEDGE2 INT ENA 


Figure 14. Dual-Capture Mode 
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analog-to-digital converter 1 (ADC1) module 


The analog-to-digital converter 1 (ADC1) module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has eight multiplexed analog input channels that allow the processor to 
convert the voltage levels from up to eight different sources. The ADC1 module features include the following: 


@ Minimum conversion time: 32.8 us at 5-MHz SYSCLK 
@ Ten external pins: 


— Eight analog input channels (ANO—AN7), any of which can be software configured as digital inputs 
(EQ—E7) if not needed as analog channels. AN1—AN7 also can be configured as positive input voltage 
reference. 


— Vocg3: ADC1 module high-voltage reference input 
— Vsg3: ADC1 module low-voltage reference input 
@ The ADDATA register which contains the digital result of the last ADC1 conversion 
@ ADCi operations can be accomplished through either interrupt driven or polled algorithms 
@ Six ADC1 module control registers are located in the control register frame beginning at address 1070h. 


The ADC1 module control registers are listed in Table 17. 


Table 17. ADC1 Module Control Register Memory Map 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
P070 CONVERT | SAMPLE REF VOLT | REF VOLT REF VOLT AD INPUT AD INPUT AD INPUT ADCTL 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 

AD INT AD INT 


P072 A/D Conversion Data Register ADDATA 
PO73 

to Reserved 
PO7C 
P07D Port E Data Input Register ADIN 
PO7E Port E Input Enable Register ADENA 


AD 
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analog-to-digital converter 1 (ADC1) module (continued) 


The ADC1 module block diagram is illustrated in Figure 15. 


Port E Input a Po #t E Date | 
ENA 0 Bes) ir | 
ADENA.0O | SAMPLE CONVERT 
asi eee Oe) guaukyS START START 
eRe 0 : ADCTL.2-0 ADCTL.6 ADCTL.7 
ort E Inp 
ENA 1 | Port E -_ | AD INPUT SELECT 
| 
otCapmaT) 
| ANI > O | 
EI o7 
Port t 
YENA2 | Pose Date | 
aan : 
aes eg ane) 
C) 
Port EI 
gia ae | Port E Data 


| 
AN3 | 
| 
| 


| 


Port E Input 


| Port E Data ! 
Carma) Atty 
ADENA.4 
©) 
| AN4 > O | | 
Q ADDATA.7-0 
Port E Input | | 
Port E Data 
ENA 5 pone Date, wae 
| Data Register 
ENAG6 Port E Data AD READY 


AN 6 


ADSTAT.2 


O 
Port E Input | 
| 
| 


ADENA.6 5 


54 [3 


| 


Port E Input 
ENA7 


ADENA.7 


Port E Data | 
AN 7 | 


[ ADPRI.6 


AD INT FLAG 


oe 8 


AD INT ENA 


Figure 15. ADC1 Block Diagram 
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instruction set overview 


Table 18 provides an opcode-to-instruction cross reference of all 73 instructions and 274 opcodes of the 
‘370Cx7x instruction set. The numbers at the top of this table represent the most significant nibble of the opcode 
while the numbers at the left side of the table represent the least significant nibble. The instruction of these two 
opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 18. TMS370 Family Opcode/Instruction Mapt 


s| Ni 


BTJO 
Rs,Rd,ra #n,B,ra 
3/8 


Rs.,A,ra | #n,A,ra Rs,B,ra Rs,Rd,ra 
3/9 3/8 3/9 4/11 


ADD 
#n,B 
2/6 


ADC 
#n,B 
2/6 


c.. [ 
RSE| RBS 


SUB 
#n,B 
2/6 


SBB 
#n,B 
2/6 1/8 


T All conditional jumps (opcodes 01-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


ADD 
#n,Rd 
3/8 


ADC 
#n,Rd 
3/8 


SUB 
#n,Rd 
3/8 


SBB 
#n,Rd 
3/8 


#n,Pd,ra 
4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*lab[B],A 
3/12 


MOV 
A,*lab[B] 


> 
w 


aks 
~ 
<2) 


os s+ 
ad oe 


+m 
~~ 
@ 


B 
1/8 


XCHB A/ 
TST B 
1/10 


25 
a< 


we 
29] S 


#ra[SP],A 
2/7 


A,*ra[SP] 
2/7 


o) 
sams 


CMP 
*n(SP],A 
2/8 


oe 


extend 
inst,2 
opcodes 


(@) 
Dy D 
Sao ce 


S25] 33] 33 


S@ 
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SLNAWNALSN 
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Table 18. TMS370 Family Opcode/Instruction Mapt (Continued) 


0 1 2 3 4 5 6 


Legend: 

* = Indirect addressing operand prefix 
& = Direct addressing operand prefix 
# = immediate operand 

#16 = immediate 16-bit number 

lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address 

Rd = Register containing destination type 

Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 


Rs Register containing source byte 


T All conditional jumps (opcodes 01-—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


7 


MSN 


B 
BR RR 
*lab[B] A 
3/11 1/8 
RRC 
A 
1/8 


CALL 


*lab[B] 
3/15 


CALLR 
*lab[B} 
3/17 


Second byte of two-byte instructions (F4xx): 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


MOV 
A,*n[Rn] 
4/16 


CMP 
*n[Rn],A - 
4/18 
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development system support 


The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator (XDS/22), compact development tool, and an EEPROM/UVEPROM programmer. 


@ Assembler/linker (Part No. TMDS3740850—02 for PC) 
— Includes extensive macro capability 
— Provides high-speed operation 
— Provides format conversion utilities for popular formats 


@ ANSI C compiler (Part No. TMDS3740855-—02 for PC, Part No. TMDS3740555-—09 for HP700™, Sun-3™, 
or Sun-4™) 


— Generates assembly code for the TMS370 that can be easily inspected 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct referencing of the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
® CDT370 (compact development tool) Timer real-time in-circuit emulation 
— Base (Part Number EDSCDT37T — for PC, requires cable) 
— Cable for 68-pin PLCC (Part No. EDSTRG68PLCC) 
— Cable for 64-pin SDIP (Part No. EDSTRG64SDIL) 
— Includes EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Uploads/downloads program and data memory 
— Executes programs and software routines 
— Includes 1024 samples trace buffer 
— Includes single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
@ Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 68-pin PLCC (Part No. TMDS3780510A) 
— Single unit head for 64-pin SDIP (Part No. TMDS3780511A) 


— Includes PC-based, window/function-key oriented user interface for ease of use and rapid learning 
environment 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 
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development system support (continued) 
@ Starter Kit (Part No. TMDX37000 — for PC) 
— Includes TMS370 assembler diskette and documentation 
— Includes TMS370 simulator 
— Includes programming adapter board and programming software 
— Not included (to be supplied by the user): 
— +5 V power supply 
— ZIF sockets 
- 9-pin RS232 cable 


device numbering conventions 


Figure 16 illustrates the numbering and symbol nomenclature for the TMS370Cx7x family. 
TMS 370 C 7 7 7 A FNT 


Prefix: TMS Standard prefix for fully qualified devices 
SE System evaluator (window EPROM) that is used for 
prototyping purpose 


Family: 370 = TMS370 8-Bit Microcontroller Family 
Technology: C = CMOS 
Program Memory Types: 0 = Mask ROM 
7 = EPROM 

Device Type: 7 = ’x7x device containing the following modules: 
— Timer 1 
— Timer 2A 
— Analog-to-Digital Converter 1 

Memory Size: 7 = 24K bytes 


Temperature Ranges: A = -40°Cto 85°C 
Low "OOto- Tec 
T = -40°C to 105°C 
Packages: FN = Plastic Leaded Chip Carrier 
FZ = Ceramic Leaded Chip Carrier 
NM = Plastic Shrink Dual-in-Line 
JN = Ceramic Shrink Dual-in-Line 
ROM and EPROM Option: A = For ROM device, the watchdog timer can be configured 


as one of the three different mask options: 
—- A standard watchdog 
— A hard watchdog 
— A simple watchdog 
The clock can be either: 
— Divide-by-4 clock 
— Divide-by-1 (PLL) clock 
The low-power modes can be either: 
— Enabled 
— Disabled 
A = For EPROM device, standard watchdog, divide-by-4 
clock, and low-power modes are enabled 


Figure 16. TMS370Cx7x Family Nomenciature 
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device part numbers 


Table 19 lists all the TMS370Cx7x devices available. The device part-number nomencliature is designed to 
assist ordering. Upon ordering, the customer must specify not only the device part number, but also the clock 
and watchdog-timer options desired. Each device can have only one of the three possible watchdog-timer 
options and one of the two clock options. The options to be specified pertain solely to orders involving ROM 
devices. 


Table 19. Device Part Numbers 


DEVICE PART NUMBERS DEVICE PART NUMBERS 
FOR 68 PINS (LCC) FOR 64 PINS (DIP) 
TMS370C077AFNA TMS370C077ANMA 


TMS370C077AFNL TMS370C077ANML 
TMS370C077AFNT TMS370C077ANMT 


TMS370C777AFNT TMS370C777ANMT 
SE370C777AFzTt SE370C777AJNTt 


T System evaluators are for use only in prototype environment, and their 
reliability has not been characterized. 
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new code release form 


Figure 17 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using TI standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: 8 

No: (Std. spec to be followed) 
*If Yes: Customer must provide "print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
{] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
[] Supply Voltage MIN: : Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 


: te omer prs “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
PRAGA DY NESEY) options. See the 7MS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
1 iy 0° to 70°C (standard) [] N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[] A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
TF —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


{] Tl standard symbolization [] YES [} NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
Ti spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this Tl custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 17. Sample New Code Release Form 
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Table 20 is a collection of all the peripheral file frames using the ’Cx7x (provided for a quick reference). 


Table 20. Peripheral File Frame Compilation 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


System Configuration Registers 
OSC FLT MC PIN MC PIN uwP/uC 
FLAG WPO DATA MODE 
AUTOWAIT MEMORY 
DISABLE DISABLE 
BUS | CPU INT1 | PRIVILEGE 
_ STEST NMI | DISABLE 


PF REG 


SCCRO 


SCCRI1 


SCCR2 


Reserved 


FLAG PIN DATA POLARITY | PRIORITY ENABLE 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 
PO1B 
PO1F 
to Reserved 
P035 


T To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


sa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


12-45 


TMS370Cx7x 
8-BIT MICROCONTROLLER 


SPNS034B — SEPTEMBER 1995 — REVISED MARCH 1996 


Table 20. Peripheral File Frame Compilation (Continued) 


Timer 1 Module Register 

Modes: Capture/Compare and Dual-Compare 
PO40 | Bit 15 T1 Counter MSbyte Bit8 | TICNTR 
P041 | Bit 7 T1 Counter LSbyte Bit 0 
P042 | Bit 15 Compare Register MSbyte Bit 8 | TiC 
P043 | Bit 7 Compare Register LSbyte Bit 0 
P044 | Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
PO45 | Bit 7 Capture/Compare Register LSbyte Bit 0 
PO46 | Bit 15 Watchdog Counter MSbyte Bit 8 | WOCNTR 
P047 | Bit 7 Watchdog Counter LSbyte Bit 0 
P048 | Bit 15 Watchdog Reset Key BitO | WORST 
posg| WOOVRFL | pur | pur | INPUT eur | input | THINPUT |oicn 

SELECTat SELECTiT SELECTOt SELECT2 SELECT1 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 
Mode: Dual-Compare 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Capture/Compare 
Modes: Capture/Compare and Dual-Compare 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
PO6O | Bit 15 T2A Counter MSbyte Bit 8 
PO61 | Bit 7 T2A Counter LSbyte Bit 0 Pe 
T2AIC 


P067 | Bit 7 Capture Register 2 LSbyte Bit 0 


Tt Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard WD 
and to simple counter. The WD input select 2 bits are ignored. 
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Table 20. Peripheral File Frame Compilation (Continued) 


REG 


T2A OVRFL | T2A OVRFL iia T2A INPUT 


INPUT T2ACTL1 
INT ENA INT FLAG SELECT1 SELECTO 


Mode: Dual-Compare 
T2AEDGE1 T2AC2 T2AC1 T2AEDGE1 T2AC2 T2AC1 T2ACTL2 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AC2 T2AC1 T2AEDGE1 | T2AEDGE1 | T2ZAEDGE1 | T2AEDGE1 T2ACTL3 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
T2AEDGE1 T2AEDGE2 T2AC1 T2AEDGE1 | T2ZAEDGE2 T2AC1 T2ACTL2 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T2A T2AC1 T2AEDGE2 | T2AEDGE1 | T2AEDGE2 | T2AEDGE1 T2ACTL3 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Modes: Dual- Compare and Dual-Capture 
T2AEVT T2AEVT T2AEVT T2AEVT T2APC1 
DATA IN DATA OUT {| FUNCTION | DATADIR 
T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR T2APC2 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
Jiro | - | - 


| PRIORITY _ 


A/D Conversion Data Register ADDATA 


Reserved 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range? Voco1, Voca, Vecg (see Note 1) 6... eee cece cece eee eees -0.6 Vto7V 
lApUt VOIEOS range, Aline OxCOOT MG: aie, ib wo 6 as ce aan ode wanes epee wes —-0.6Vto7V 
SL ERE RS A SPP og OO) Se hare wae -0.6Vto14V 

inputciamp. current, tne (4:< O06 VS Ving ai cig r+ = a vicieinte os ac vea tte pecs c vows shinee aes +20 mA 
COUIDUE ClAIDD CuIrent tryic ON <A OF VE SSE eo asa ots oon ces ack 0 a a popsieh e nnn a ncnp mangle ened pane +20 mA 
Continuous output current per buffer, Io (Vo = 0 tO Voc 4)8 «1... eee eect ee eee eee eee eneees +10 mA 
IIIT tee CUNT eae ae a ie wads ew pea ORS weds § ERE LET PHO Hee eek tae ese Ree 170 mA 
shige dE CIEE) 1 GRASSI Aa STS OOS a EES OPE or BUR Bea aE ar itr al cr PONPIAP NCE Mele 9 ta -—170mA 
COOen Omer Gimme Fee hess ST EG Na Se ea ed be Ee watiw es bade de Cabal cies eas 1W 
Operating free-air temperature range, Tp. L version ......... 0. ccc cece eee eee e eee ee eeee 0°C to 70°C 
Pe WOE kiss chen enka Be Cae. coe — 40°C to 85°C 

F YRTOBMN ois aa oe eRe i PRR DEAE EET aE — 40°C to 105°C 

Storage temperature range, Tytg .--- 2s cece nec e ween eneen es enntete ees emeenneeesennes —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

+Vcc1 = Vcc 

§ Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in any buffer 
can affect the levels on other buffers. 

NOTE 1: Unless otherwise noted, all voltage values are with respect to Vssj. 


recommended operating conditions 


Supply voltage (see Note 1) 
RAM data-retention supply voltage (see Note 2) 


Vcoc2 Digital I/O supply voltage (see Note 1) 


Voc3 Analog supply voltage (see Note 1) 
Vsso2 ___ Digital I/O supply ground 
Vss3_ Analog supply ground 


VIL Low-level input voltage 


All pins except MC, XTAL2/CLKIN, and 
RESET 


High-level input voltage 


MC (mode control) voltage 
(see Note 3) 


85 
T version 105 


NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vssj. 
2. RESET must be activated externally when Vcc i or SYSCLK is out of the recommended operating range. 
3. The basic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedicated MC pin 
two system clock cycles (t¢) before RESET goes inactive (high). The WPO mode can be selected anytime a sufficient voltage is 
present on MC. 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 


VOL Low-level output voltage lol = 1.4 mA 
OH ; 


IOH =—50 0.9V 
V High-level output voltage OH CC1 
IOH =-2mA 


OV<V|<s0.3V 
0.3V<V)<Voc1-0.3 V 
Mc Wooi03V=VisVocw03v 


Input current 


Bk 


12V<Vj<s13V See Note 4 


1/O pins OV<Vi<Vcoc1 
IOL Low-level output current VoL = 0.4 V 
OH igh- 


VOH = 0.9 V 
| High-level output current OH CC 
VOH =2.4V 


SYSCLK = 5 MHz 
See Notes 5 and 6 


SYSCLK = 3 MHz 
See Notes 5 and 6 


SYSCLK = 0.5 MHz 
See Notes 5 and 6 


SYSCLK = 5 MHz 
See Notes 5 and 6 


SYSCLK = 3 MHz 3 11 
See Notes 5 and 6 


SYSCLK = 0.5 MHz 
See Notes 5 and 6 
Supply current (STANDBY mode) See Notes 5 and 6 ; ie 
OSC POWER bit = 1 (see Note 9) SYSCLK = 0.5 MHz 
See Notes 5 and 6 
XTAL2/CLKIN < 0.2 V 


NOTES: 4. Input current Ipp is a maximum of 50 mA only when programming EPROM. 

5. In single chip mode, ports are configured as inputs or outputs with no load. All inputs < 0.2 V or => Voc  — 0.2V. 

6. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. At5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

Maximum operating current for TMS370Cx7x = 10 (SYSCLK) + 5.8 mA. 
Maximum standby current for TMS370Cx7x = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 
Maximum standby current for TMS370Cx7x = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit =1, only valid up to 3 MHz SYSCLK). 


-~S 


Supply current (operating mode) 
OSC POWER bit = 0 (see Note 7) 


ke 
I+ 
cy 
oO 


12 


—_ 
N 


Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 8) 


Icc mA 


o 
© 
2 | 2 BBB 


all ac i 
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PARAMETER MEASUREMENT INFORMATION 


XTAL2/CLKIN XTAL1 XTAL2/CLKIN 


i 


C1 Crystal/Ceramic C2 a 
(see Note B) a Resonator i (see Note B) External = 


S (see Note A) oe Clock Signal 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


B. The values of C1 and C2 are typically 15 pF and C3 is typically 50 pF. See the manufacturer’s recommendations for ceramic 
resonators. 


Figure 18. Recommended Crystal/Clock Connections 


Load Voltage 
1.2 kQ 


Vo 
20 pF 


ok 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 19. Typical Output Load Circuit (see Note A) 


Vcoc2 Vcc2 


Pin Data 


Output 
Enable 


Figure 20. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


A Address IE Initial 

AR Array PGM Program 
B Byte R Read 

Cl XTAL2/CLKIN SC SYSCLK 
D Data W Write 

E EDS WT WAIT 
rE Final 


Lowercase subscripts and their meanings are: 


S cycle time (period) r rise time 

d delay time SU setup time 

f fall time V valid time 

h hold time Ww pulse duration (width) 


The following additional letters are used with these meanings: 


H High 
i Low 
V Valid 
Fa High impedance 


All timings are measured between high and low measurement points as indicated in Figure 21 and Figure 22. 


ae — —— 0.8 Vcc V (High) Sng eee 2 V (High) 
Tomr sapamhy. wien 0.8 V (Low) ———— —— 0.8 V (Low) 


Figure 21. XTAL2/CLKIN Measurement Points Figure 22. General Measurement Points 
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external clocking requirements for clock divided by 4T 


twi(Cl Pulse duration, XTAL2/CLKIN (see Note 10) 
tric Rise time, XTAL2/CLKIN 


HCl Fall time, XTAL2/CLKIN aes: 
td(CIH-SCL) Delay time, XTAL2/CLKIN rise to SYSCLK fall pet. AODas-ne = | 


CLKIN Crystal operating frequency 


SYSCLK System clock+ 


T For Vi_ and Vj}, refer to recommended operating conditions. 

+ SYSCLK = CLKIN/4 

NOTE 10: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<1 


XTAL2/CLKIN co ee, Coe An ee 
| | 


| 
+ ie 2 , 
| 


a 
eo 


le—> 4 


SYSCLK / * 


Figure 23. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL)T 


— oe eee ee ee 
Pte et Cy Pulse duration, XTAL2/CLKIN (see Note 10) Lk See ORS 
Sd TS ee 
Ce ia cme ee 
4 [racin-sciy Delay time, XTALZICLKIN rise to SYSCLKe SSCS 
Boi ee Me 
see a 


CLKIN Crystal Soha frequency 
SYSCLK System clock$ 


t For Vi_ and Vip, refer to recommended operating conditions. 

§ SYSCLK = CLKIN/1 

NOTE 10: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<1 


XTAL2/CLKIN So 
| 


| | 
+ ke 2 7 
| 


ae 
_ 


l¢+—> 4 


Figure 24. External Clock Timing for Divide-by-1 
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general purpose output signal switching time requirements 


So ee ee 
im ee 
pine eM ee re 


So 

| 

pet | 
> « tf 


Figure 25. Signal Switching Timing 


recommended EEPROM timing requirements for programming 


Se A ee ee 
tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) ae es AS 
tw(PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) a. eee eS 


recommended EPROM operating conditions for programming 


Sie Rectan ares ee ee inten e es e 

Vcoc1 Supply voltage 4.75 52 6 

Vpp Supply voltage at MC pin {2 4-13.20 135 
Supply current at MC pin during programming (Vpp = 13 V) 30 50 


IPP 
SYSCLK System clock — MHz 
Divide-by-1 


recommended EPROM timing requirements for programming 


Bee Sen ere mem einen eee, 
tw(EPGM Pulse duration, programming signal (see Note 11) 0.40 0.50 3 S408 ss] 


NOTE 11: Programming pulse is active when both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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a edie baa and timing requirements for external read and writet (see Figure 26 and 
igure 27 


PARAMETER 


; Divide-by-4 clock 200 2000 
to Cycle time, SYSCLK (system clock) — 
Divide-by-1-(PLL) 200 500 
5 


twiSCL Pulse duration, SYSCLK low 0.5t.—-25 0.5t¢ 
tw(SCH Pulse duration, SYSCLK high 0.5t> 0.5t,.+20 


Delay time, SYSCLK low to address R/W and OCF 

td(SCL-A) vali es 0.25t.+75 
Valid time, address to EDS, CSE1, CSE2, CSH1, 0.5t--90 
CSH2, CSH3, and CSPF low te 

tsu(D Setup time, write data time to EDS high 0.75t.-80F 

‘ Hold time, address, R/W and OCF from EDS, CSE1, 0.54280 

h(EH-A) CSE2, CSH1, CSH2, CSH3, and CSPF high me 
12 | th(EH-D)W Hold time, write data time from EDS high 0.75t,+15 


Delay time, data-bus high impedance to EDS low (read 
13 | tq(DZ-EL) diy ait ( 0.25t,.—35 


a | 


aa 
£& tit Bi 


— 


=" 


td(EH-D Delay time, EDS high to data-bus enable (read cycle) 1.25t,-—40 
td(EL-DV)R Delay time, EDS low to read data valid to-95t 
6 |th(EH-D)R Hold time, read time from EDS high a eee a 


—s 


17 |tsu(WT-SCH) Setup time, WAIT time to SYSCLK high 0.25t,+708 
18 | th(SCH- Hold time, WAIT time from SYSCLK high aes Ae eS 


9 | tq(/EL-WTV Delay time, EDS low to WAIT valid 0.5t.—60 


Pulse duration, EDS, CSE1, CSE2, CSH1, CSH2, 
'w CSH3, and CSPF low te-80# to+40F 


td(AV-DV)R Delay time, address valid to read data valid 1.5t.-1154 
2 td(AV-WTV Delay time, address valid to WAIT valid te-115 


23 | td(AV-EH Delay time, address valid to EDS high (end of write) 1.5854 


tc = system-clock cycle time = 1/SYSCLK 

+ If wait states, PFWait, or the autowait feature is used, add tc to this value for each wait state invoked. 

§ If the autowait feature is enabled, the WAIT input can assume a don’t care condition until the third cycle of the access. The WAIT signal must 
be synchronized with the high pulse of the SYSCLK signal while still conforming to the minimum set-up time. 


— 


21 
2 


oo 
< 
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7 >) 
ae | | 
t— 6 > 
| 
| | 
t#—>—- 8 | 
| 
| | | 
| | ke—11 - 
bert 
EDS, CSE1, CSE2, CSHT, | % si : é | : 
CSH2, CSH3, CSPF ! 

14 
or | | | 
ea:  ) Coememeomeiaua: Sat | | 

k¢—_p!— 13 | |  ke-—>+ 4+ 16 | 
to aie 
| | | | 
| | 

! +— 19> | 

abe ganas 17 | 

| | b>} — 18 | 

WAIT / \ 


R/W 


Figure 26. External-Read Timing 
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7 —> 
+-— 5» | | 


<> 8 : 


Kt ——— 20 -—-» 
EDS, CSE1, CSE2, CSH1, | | mA 
CSH2, CSH3, CSPF | 


DATA 


Figure 27. External-Write Timing 
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analog-to-digital converter 1 (ADC1) 


The ADC1 has a separate power bus for its analog circuitry. These pins are referred to as Voc3 and Vss3. The 
purpose is to enhance ADC1 performance by preventing digital switching noise in the logic circuitry that can 
be present on Vssj and Vcc; when coupling into the A/D analog stage. All ADC1 specifications are given with 
respect to Vssg unless otherwise noted. 


PRC IGREI he sos 4 2 eee hs Jk 5 ee RLS a ee eee hs Maw a Ra a Kas 8-bits (256 values) 
MIQUIGRONNE © «eS E5 ace a on acedn Uh Hoek EE ee ee en ORE Sr he ee ee Foe KENAR Pea oe ee ae eee Yes 
Outpt. COMMEPSIOIAINOUD «565 oi). eink ces ee te bye cae OOh to FFh (00 for V; < Vsgg <; FF for V| < Vreg) 
CONVOrSION- ine (exe OGIO Sample Te) as ois oss so Fo kk ok ee pe os Lee ts yeh eee ee 164 t, 


recommended operating conditions 


Vcoc3 Analog supply voltage 


Vss3 Analog ground Vss3-3 Vss3t0.3 V 
Vret  Non-Vccs referencet 2.5 Vec3 Vcc3+0.1 
Analog input for conversion Vss3 Vref 


T Vref must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time, 


operating characteristics over recommended ranges of operating conditions 


PARAMETER TEST CONDITIONS 


lref Input charge current 
SYSCLK < 3 MHz ae 
Zref | Source impedance of Vref | ko 
3 MHz < SYSCLK < 5 MHz 


+ Absolute resolution = 20 mV. At Vref = 5 V, this is one LSB. As Vref decreases, LSB size decreases; therefore, the absolute accuracy and 
differential/integral linearity errors in terms of LSBs increase. 
§ Excluding quantization error of 1/2 LSB 
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analog-to-digital converter 1 (ADC1) (continued) 


The ADC1 module allows complete freedom in design of the sources that supply the analog inputs. The period 
of the sample time is user-defined so that the high impedance can be accommodated without penalty to the 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC1 control register 
(ADCTL.6) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START, 
ADCTL.7) is set to 1. After a hold time, the converter resets the SAMPLE START and CONVERT START bits, 
signaling that a conversion has started and that the analog signal can be removed. 


analog timing requirements 


Hold time, analog input from start of conversion 18t, 
1 


Pulse duration, sample time per kilohm of source impedancet ee Sees ee 


t The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum sampling time of 1s. 


k¢—————- Analog Stable —————_» 


RX KRKKXXKKEKX KKK XXX 


ee" V\/ Se eee} VAVAY, 
RY OYY 


~\ Z\ 2\ £\ Z\ 


Analog In 


eae tsu(S) | 


Sample Start | | 


| \¢—— thvan) ——> 
kt— tw(s) = | 


Convert Start | | 


Figure 28. Analog Timing 
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Table 21 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 21. TMS370Cx7x Family Package Type and Mechanical Cross-Reference 


(nilpin spacing) | __ T€SS70 GENERIC NAME MECHANICAL NAME DEVICE PART NUMBERS 


TMS370C077AFNA 
FN — 68 pin PLASTIC LEADED CHIP CARRIER | FN(S-PQCC-J**) PLASTIC J-LEADED TMS370C077AFNL 
(50-mil pin spacing) | (PLCC) CHIP CARRIER TMS370C077AFNT 
TMS370C777AFNT 


FZ — 68 pin CERAMIC LEADED CHIP CARRIER — | FZ(S-CQCC-J**) J-LEADED CERAMIC 
(50-mil pin spacing) | (CLCC) CHIP CARRIER SES70C777AFZT 


JN — 64 pin CERAMIC SHRINK DUAL-IN-LINE JN(R-CDIP-T64) CERAMIC DUAL-IN-LINE 
(70-mil pin spacing) | PACKAGE (CSDIP) PACKAGE SE370C777AJNT 


TMS370C077ANMA 
NM — 64 pin PLASTIC SHRINK DUAL-IN-LINE NM(R-PDIP-T64) PLASTIC SHRINK TMS370C077ANML 
(70-mil pin spacing) | PACKAGE (PSDIP) DUAL-IN-LINE PACKAGE TMS370C077ANMT 
TMS370C777ANMT 
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® CMOS/EEPROM/EPROM Technologies on N PACKAGE 
a Single Device csi 8 
— Mask-ROM Devices for High-Volume 
Production 
— One-Time-Programmable (OTP) EPROM 
Devices for Low-Volume Production 
— Reprogrammable EPROM Devices for 
Prototyping Purposes 
@ Internal System Memory Configurations 
— On-Chip Program Memory Versions 
— ROM: 4K Bytes 
— EPROM: 16K Bytes 
- Data EEPROM: 256 Bytes 
- Static RAM: 128 or 256 Bytes Usable as 
Registers 
@ Flexible Operating Features 
— Low-Power Modes: STANDBY and HALT 
— Commercial, Industrial, and Automotive 
Temperature Ranges 
— Clock Options FZ AND FN PACKAGES 
— Divide-by-1 (2 MHz—5 MHz SYSCLK) PLL (TOP VIEW) 
— Divide-by-4 (0.5 MHz—5 MHz SYSCLK) 
— Supply Voltage (Vcc) 5 V +10% 
® 16-Bit General Purpose Timer 
- Software Configurable as 
a 16-Bit Event Counter, or 
a 16-Bit Pulse Accumulator, or 
a 16-Bit Input Capture Functions, or 
Two Compare Registers, or a 
Self-Contained Pulse Width Modulation 
(PWM) Function 
@ On-Chip 24-Bit Watchdog Timer 
—- EPROM/OTP Device: Standard 
Watchdog 
-— Mask-ROM Devices: Hard Watchdog, 
Simple Counter, or Standard Watchdog 


@ Flexible Interrupt Handling @ CMOS/Package/TTL Compatible I/O Pins 
— Two S/W Programmable Interrupt Levels — 40-Pin Plastic Dual-In-Line Packages/ 
— Global- and Individual-Interrupt Masking 32 Bidirectional Pins, 1 Input Pin 
— Programmable Rising- or Falling-Edge — 44-Pin Plastic Leaded Chip Carrier (LCC) 
Detect Packages/34 Bidirectional Pins, 
— Individual Interrupt Vectors 1 Input Pin 
© TMS370 Series Compatibility @ Workstation/PC-Based Development 
— Register-to-Register Architecture System 
— 256 General-Purpose Registers — C Compiler and C Source Debugger 


— 14 Powerful Addressing Modes 
instructions Upwardly Compatible With 
all TMS370 Devices 


A 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 


cieimionase processing does not necessarily include vi TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 13-3 


Real-Time In-Circuit Emulation 
Extensive Breakpoint/Trace Capability 
Multi-Window User Interface 
Microcontroller Programmer 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 
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Pin Descriptions 


DESCRIPTION 


Port A is a general-purpose bidirectional !/O port. 


Port B is a general-purpose bidirectional |/O port. 


Port C is a general-purpose bidirectional |/O port. 


Port D is a general-purpose bidirectional |/O port. D3 is also configurable as SYSCLK. 


External (non-maskable or maskable) interrupt/ general-purpose input pin 
External maskable interrupt input/ general-purpose bidirectional pin 
External maskable interrupt input/ general-purpose bidirectional pin 


T1IC/CR Timer1 input capture/counter reset input pin /general-purpose bidirectional pin 
T1PWM Timer1 PWM output pin/ general-purpose bidirectional pin 
TIEVT Timer1 external event input pin/ general-purpose bidirectional pin 


System reset bidirectional pin: as input pin, RESET initializes the microcontroller; as 
open-drain output, RESET indicates that an internal failure was detected by the watchdog or 
oscillator fault circuit. 


Mode control pin; enables EEPROM write-protection override (WPO) mode, also EPROM 
VPP 

Internal oscillator crystal input/external clock source input 

Internal oscillator output for crystal 


Neo pasts MORN cc eames errors 
oo 


Ground reference for digital logic 


These pins have no connection to the internal die. 


T | = input, O = output 
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functional block diagram 


XTAL2/ 
INT1 INT2 INT3 XTAL1 CLKIN MC RESET 


Clock Options: 
Interrupts Divide-By-4 or 
Divide-By-1 (PLL) 


System 
Control 


RAM 
128 or 256 Bytes 


Program Memory 
ROM: 4K Bytes Data EEPROM 
EPROM: 16K Bytes 0 or 256 Bytes 


T1IC/CR 
TIEVT 
TIPWM 


Watchdog 


Voc 


Vss 


tT For the 40-pin devices, there are only six pins for port C. 


description 


The TMS370C080, TMS370C380, TMS370C686, and SE370C686 devices are members of the TMS370 family 
of single-chip 8-bit microcontrollers. Unless otherwise noted, the term TMS370Cx8x refers to these devices. 
The TMS370 family provides cost-effective real-time system control through integration of advanced 
peripheral-function modules and various on-chip memory configurations. 


The TMS370Cx8x family of devices is implemented using high-performance silicon-gate CMOS EPROM and 
EEPROM technologies. Low-operating power, wide operating temperature range, and noise immunity of CMOS 
technology coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370Cx8x devices attractive for system designs for automotive electronics, industrial motors, computer 
peripheral controls, telecommunications, and consumer applications. 


All TMS370Cx8x devices contain the following on-chip peripheral modules: 
@ One 24-bit general-purpose watchdog timer 


@ One 16-bit general-purpose timer with an 8-bit prescaler 
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description (continued) 


Table 1 provides a memory configuration overview of the TMS370Cx8x devices. 


Table 1. Memory Configurations 


PROGRAM MEMORY DATA MEMORY PACKAGES 
DEVICE (BYTES) (BYTES) 44-PIN PLCC/CLCC, 
RAM EEPROM OR 40-PIN DIP 


TMS370C080A 


TMS370C686A FN — PLCC 
SE370C686AT FZ-—CLCC 


t System evaluators and development are for use only in prototype environment and their reliability has not been characterized. 


er a EE EK ee 
TC ae a a NS BESET ee eee aoe em ye Se a 

WN Oe 

Se ace ee 


The suffix letter (A or B) appended to the device names shown in the device column of Table 1 and Table 2 
indicates the configuration of the device. ROM or EPROM devices have different configurations as indicated 
in Table 2. ROM devices with the suffix letter A are configured through a programmable contact during 
manufacture. 


Table 2. Suffix Letter Configuration 


ROM A 


+ Refer to the “device numbering conventions” section for device nomenclature and to the “device part numbers” section for ordering. 


The 4K bytes of mask-programmable ROM in the associated TMS370C380 device is replaced in the 
TMS370C686 with 16K bytes of EPROM. All other on-chip peripherals are identical. The one-time 
programmable (OTP) (TMS370C686) device and reprogrammable (SE370C686) device are available. The 
4K-byte (TMS370C080) mask-programmable ROM device relies on the 68-pin (TMS370C758) development 
devices and an OTP converter socket (part # TMDX377880TP) for prototyping and programming purposes. 


Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


TMS370C686 OTP devices are available in plastic packages. This microcontroller is effective to use for 
immediate production updates for other members of the TMS370Cx8x family or for low-volume production runs 
when the mask charge or cycle time for the low-cost mask ROM devices is not practical. 


The SE370C686 has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development/prototyping phase of design. The SE370C686 devices allow quick updates to 
breadboards and prototype systems while iterating initial designs. 


The TMS370Cx8x family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator and the general-purpose timer remain active. In the HALT mode, 
all device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370Cx8x features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx8x family is fully 
instruction-set-compatible, providing easy transition between members of the TMS370 8-bit microcontroller 
family. 
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description (continued) 


The TMS370Cx8x family provides the system designer with economical, efficient solutions to real-time control 
applications. The TMS370 family compact development tool (CDT™) solves the challenge of efficiently 
developing the software and hardware required to design the TMS370Cx8x into an ever-increasing number of 
complex applications. The application source code can be written in assembly and C languages, and the output 
code can be generated by the linker. The TMS370 family CDT development tool communicates through a 
standard RS-232-C interface with an existing personal computer. This allows the designer to use familiar 
personal computer editors and software utilities. Precise real-time, in-circuit emulation and extensive symbolic 
debug and analysis tools ensure efficient software and hardware implementation as well as reducing the 
time-to-market cycle. 


The TMS370Cx8x family together with the TMS370 family CDT370, software tools, the SE370C686 and 
SE370C758 (FZ package) reprogrammable devices, comprehensive product documentation, and customer 
support provide a complete solution to the needs of the system designer. 


central processing unit (CPU) 


C 


The CPU on the TMS370Cx8x device is the high-performance 8-bit TMS370 CPU module. The ’x8x implements 
an efficient register-to-register architecture that eliminates the conventional accumulator bottleneck. The 
complete ’x8x instruction map is shown in Table 15 in the TMS370Cx8x instruction set overview section. 


The ’370Cx8x CPU architecture provides the following components: 
@ CPU registers: 
A stack pointer that points to the last entry in the memory stack 


A status register that monitors the operation of the instructions and contains the global interrupt-enable 
bits 


— Aprogram counter (PC) that points to the memory location of the next instruction to be executed 
@® Amemory map that includes: 


— 128- or 256-byte general-purpose RAM that can be used for data memory storage, program 
instructions, general purpose register, or the stack 


— Aperipheral file that provides access to all internal peripheral modules, system-wide control functions, 
and EEPROM/EPROM programming control 


— 256-byte EEPROM module, that provides in-circuit programmability and data retention in power-off 
conditions 


— 4K-byte ROM or 16K-byte EPROM program memory 


DT is a trademark of Texas Instruments Incorporated. 
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central processing unit (CPU) (continued) 


Figure 1 illustrates the CPU registers and memory blocks. 


15 ial Counter 0 


7 Stack Pointer (SP) 0 Legend: 
N=Negative 
Status Register (S Z=Zero 
Pein fz [¥ fee iiey — |—! V=Overflow 
7° @ Sees, ees 0 IE2=Level 2 Interrupt Enable 


1E1=Level 1 Interrupt Enable 


Fase a cooo-oor | an 
a 
3 
ish 
= 
pes 
= 


4000h 


RAM (Includes up to 256-Byte Registers File) 


16K-Byte EPROM (4000h-—7FFFh) 


6FFFh 


7000h 

4K-Byte ROM (7000h-—7FFFh) 7FBFh 
interrupts and Reset Vectors; 7FCOh 
Trap Vectors 7FFFh 


Figure 1. Programmer’s Model 


t Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. Typically, the stack 
is used to store the return address on subroutine calls as well as the status register (ST) contents during interrupt 
sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 
onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 
on-chip RAM. 
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central processing unit (CPU) (continued) 


status register 


The ST monitors the operation of the instructions and contains the global interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits. 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional-jump instructions) use the status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 


The ST, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Registers 


a 
RW-0 RW-0 


RW-0O RW-0 RW-0 
R = read, W = write, 0 = value after reset 


program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH), and the program counter low (PCL). These 
registers contain the most significant byte (MSbyte) and least significant byte (LSbyte) of a 16-bit address. 


During reset, the contents of the reset vector (7FFEh, 7FFFh) are loaded into the PC. The PCH (MSbyte of the 
PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is loaded with the 
contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 6000h as the 
contents of the reset vector. 


Program Counter (PC) 
Memory PCH PCL 


ae oe ee ee 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx8x architecture is based on the Von Neuman architecture, in which the program memory and 
data memory share a common address space. All peripheral input/output is memory-mapped in this same 
common address space. As shown in Figure 3, the TMS370Cx8x provides memory-mapped RAM, ROM, data 
EEPROM, I/O pins, peripheral functions, and system-interrupt vectors. 


The peripheral file contains all 1/O port control, peripheral status and control, EEPROM, EPROM, and 
system-wide control functions. The peripheral file consists of 256 contiguous addresses located from 1000h to 
10FFh and is divided logically into 16 peripheral file frames of 16 bytes each. Each on-chip peripheral is 
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TMS370Cx8x CPU (continued) 


assigned to a separate frame through which peripheral control and data information is passed. The 
TMS370Cx8x has its on-chip peripherals and system control assigned to peripheral file frames 1 through 4, 
addresses 1010h through 104Fh. 


Peripheral File Control Registers 


1000h — 100Fh 


spi (Register File/ Stack) Digital Port Control 1020h — 102Fh 

OOFFh Register File/Stack 

p88 Peripheral Control Ee 5 tO 
Peripheral File 

104Fh 

1050h 


1EFFh 


1F0Oh 

256-Byte Data EEPROM 
1FFFh 
2000h 


7FCOh — 7FDFh 
7FEOh — 7FF3h 
7FF4h — 7FF5h 


Vectors 
Trap 15-0 
7FBFh (7000h - 7FFFh) 


7FCOn| | | insmipaand eset Voto Yee. 
2000h es Weaweiet ic. See 
8000h 

FFFFh 
Tt Reserved means that the address space is reserved for future expansion, means the address space is not accessible. 
+ Not available means that the address space is not accessible. 


Figure 3. TMS370Cx8x Memory Map 


Not Availablet 


16K-Byte EPROM 
(4000h - 7FFFh) 


3FFFh 
4000h 


6FFFh 7FF6h — 7FF7h 
7FF8h — 7FF9h 
7FFAh — 7FFBh 
7FFCh — 7FFDh 


7FFEh — 7FFFh 


Not Availablet 


RAM/register file (RF) 


Locations within the RAM address space can serve as the RF, general-purpose read/write memory, program 
memory, or the stack instructions. The TMS370C080 and TMS370C380 contain 128 bytes of internal RAM 
memory mapped beginning at location 0000h (RO) and continuing through location 007Fh (R127), which is 
shown in Table 4 along with ’x86 devices. 


Table 4. RAM Memory Map 


128 bytes 256 byes 
Memory mapped 0000h-—007Fh 0000h-—O0FFh 


The first two registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction load SP (LDSP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 
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peripheral file (PF) 


The TMS370Cx8x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decimal designator. For example, the system-control register 0 (SCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is P010, and its decimal designator is P16. Table 5 
shows the TMS370Cx8x PF address map. 


Table 5. TMS370Cx8x Peripheral File Address Map 


PERIPHERAL FILE 
DESIGNATOR DESCRIPTION 
1010h-—101Fh PO010—PO1F System and EPROM/EEPROM control registers 


1020h-—102Fh P020-—P02F Digital 1/O port control registers 


1040h-—104Fh P040—P0O4F Timer 1 registers 
1050h—10FFh P050—POFF 


data EEPROM 


The TMS370C080 device, containing 256 bytes of data EEPROM, has amemory mapped beginning at location 
1FOOh and continuing through location 1FFFh. Writing to the data EEPROM module is controlled by the data 
EEPROM control register (DEECTL) and the write-protection register (WPR). Programming algorithm 
examples are available in the TMS370 Family User’s Guide (literature number SPNU127) or the 
TMS370 Family Data Manual (literature number SPNS014B). The data EEPROM features include the following: 


@ Programming: 
—  Bit-, byte-, and block-write/erase modes 
— Internal charge pump circuitry. No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the data EEPROM control register 
(DEECTL) located in the PF frame beginning at location PO1A. See Table 6. 


—  In-circuit programming capability. There is no need to remove the device to program. 
@ Write-protection. Writes to the data EEPROM are disabled during the following conditions. 

— Reset. All programming of the data EEPROM module is halted. 

— Write-protection active. There is one write-protect bit per 32-byte EEPROM block. 

— Low-power mode operation 


® Write-protection can be overridden by applying 12 V to MC. 


Table 6. Data EEPROM and PROGRAM EPROM Control Registers Memory Map 


Tappress | syweol[—~SCSNAME 
Pm | eee ee 
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program EPROMT 


The TMS370C686 device contains 16K bytes of EPROM memory, mapped beginning at location 4000h and 
continuing through location 7FFFh as shown in Figure 3. Reading the program EPROM modules is identical 
to reading other internal memory. During programming, the EPROM is controlled by the EPROM control register 
(EPCTL). The program EPROM module features include: 


@ Programming 
—  I|n-circuit programming capability if Vpp is applied to MC 


— Control register EPROM programming is controlled by the EPROM control register (EPCTL) located in 
the peripheral file (PF) frame at location PO1C as shown in Table 6. 


@ Write-protection writes to the program EPROM are disabled under the following conditions 
— Reset all programming to the EPROM module is halted 
— Low-power modes 
— 13V not applied to MC 


program ROMT 


The program ROM consists of 4K bytes of mask-programmable read-only memory. The program ROM is used 
for permanent storage of data or instructions. Programming of the mask ROM is performed at the time of device 
fabrication. 


system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx8x CPU-based device. 
There are up to three different actions that can cause the system to reset the device. Two of these actions are 
generated internally, while one (RESET pin) is controlled externally. These actions are as follows: 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer timeout . See the 7MS370 User’s 
Guide (literature number SPNU127) for more information. 


® Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the 7MS370 User’s Guide (literature number SPNU127) for more information. 


@ External RESET pin. A low-level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 User’s Guide (literature number SPNU127) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x8x device to reset external system components. Additionally, if a cold start (Voc is off 
for several hundred milliseconds) condition or oscillator failure occurs, or the RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator-fault flag (OSC FLT FLAG, SCCRO.4), the cold-start flag 
(COLD START, SCCRO.7) and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 7 depicts the reset sources. 


t Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments Incorporated, and 7FF4h through 7FF5h along with 7FF8h 
through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP 15 instructions, are located between 
addresses 7FCOh and 7FDFh. 
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system reset (continued) 


Table 7. Reset Sources 


[REGISTER [ ADDRESS | PF | BITNO. | CONTROLOT |  SOURCEOFRESET 


Once a reset is activated, the following sequence of events occurs: 
The CPU registers are initialized: ST = OOh, SP = Oth (reset state). 


1 
2. Register A and B are initialized to OOh (no other RAM is changed). 

3. The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
4. The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 
5. Program execution begins with an opcode-fetch from the address pointed to the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


When an external reset circuit is connected to the RESET pin, the RESET pin must be held low until the clock 
signal is valid and Vcc is within the operating range. Figure 4 shows a typical reset circuit. 


Vcc To Other Device Resets 


TMS370 


Reset In 


i+ Reset Out 


Figure 4. Typical Reset Circuit 
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interrupts 


The TMS370 family software-programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware-interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global interrupt mask bits (IE1 and IE2) of 
the ST. 


EXT INT 3 


EXT INT 2 


TIMER1 


Overflow eee 
Compare ant 
Ext Edge ee 
Compare2_ . EXT INT1 
Input Capture1_ —— 


INT3 PRI 


O 
INT2 PRI 


CPU 


Watchdog ie. 


Priority 


Logic 


Level 1 INT 


Level 2 INT 


Enable 


Figure 5. Interrupt Control 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is selectively configured on either the high- or 
low-priority-interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion for future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370Cx8x has four hardware-system interrupts (plus RESET) as shown in Table 8. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. A system interrupt may have multiple interrupt sources. All of the interrupt sources are 
individually maskable by local interrupt-enable control bits in the associated peripheral file. Each interrupt 
source FLAG bit is individually readable for software polling or to determine which interrupt source generated 
the associated system interrupt. 
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One of the system interrupts is generated by on-chip peripheral functions, and three external interrupts are 
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input 
polarity (rising or falling edge) for ease of system interface. External interrupt INT1 is software configurable as 
either a maskable or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked 
by the individual or global enable mask bits. The INT1 NMI bit is protected during non-privileged operation. It, 
therefore, should be configured during the initialization sequence following reset. To maximize pin flexibility, 
external interrupts INT2 and INT3 can be software-configured as general-purpose input/output pins if the 
interrupt function is not required (INT1 can be similarly configured as an input pin). 


Table 8. Hardware System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
External RESET COLD START 
Watchdog Overflow WD OVREL INT FLAG RESET+ 7FFEh, 7FFFh 
Oscillator Fault Detect OSC FLT FLAG 


External INT1 INT1 FLAG INT14 7FFCh, 7FFDh 
External INT2 INT2 FLAG INT2+ 7FFAh, 7FFBh 
External INT3 INT3 FLAG INT3+ 7FF8h, 7FF9h | 4 


Timer 1 Overflow T1 OVREFL INT FLAG 

Timer 1 Compare 1 T1C1 INT FLAG 

Timer 1 Compare 2 T1C2 INT FLAG 

Timer 1 External Edge T1EDGE INT FLAG THINTS Seer 
Timer 1 Input Capture 1 T11C1 INT FLAG 

Watchdog Overflow WD OVRFL INT FLAG 


tT Relative priority within an interrupt level 
+ Release microcontroller from STANDBY and HALT low-power modes 
§ Release microcontroller from STANDBY low-power mode 


privileged operation and EEPROM write-protection override 


The TMS370Cx8x family is designed with significant flexibility to enable the designer to software-configure the 
system and peripherals to meet the requirements of a variety of applications. The nonprivileged mode of 
operation ensures the integrity of the system configuration once it is defined for an application. Following a 
hardware reset, the TMS370Cx8x operates in the privileged mode, where all peripheral file registers have 
unrestricted read/write access, and the application program configures the system during the initialization 
sequence following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is 
set to 1 to enter the nonprivileged mode, thus disabling write operations to specific configuration-control bits 
within the PF. Table 9 displays the system-configuration bits, which are write-protected during the nonprivileged 
mode and must be configured by software prior to exiting the privileged mode. 
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privileged operation and EEPROM write-protection override (continued) 


Table 9. Privilege Bits 


REGISTERT 
CONTROL BIT 
[NAME | LOCATION 


P010.5 PF AUTO WAIT 
SCCRO P010.6 OSC POWER 
oe P0112 MEMORY DISABLE 

P011.4 AUTOWAIT DISABLE 


PRIVILEGE DISABLE 
INT1 NMI 

CPU STEST 

BUS STEST 


PWRDWN/ IDLE 
HALT/STANDBY 


PO4E6 T1 PRIORITY 
TIPRI PO4E7 T1 STEST 


t The privilege bits are shown in a bold typeface in the peripheral file 
frame 1 section. 


The WPO mode provides an external hardware method of overriding the write-protection registers (WPRs) of 
data EEPROM on the TMS370C080. WPO mode is entered by applying a 12-V input to the MC pin after the 
RESET pin input goes high (logic 1). The high voltage on the MC pin during the WPO mode is not the 
programming voltage for the data EEPROM or program EPROM. All EEPROM programming voltages are 
generated on-chip. The WPO mode provides hardware-system-level capability to modify the content of the data 
EEPROM while the device remains in the application but only while requiring a 12-V external input on the MC 
pin (normally not available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370Cx8x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls the low-power mode selection. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, and Timer 1 remain active. System processing is suspended until a 
qualified interrupt (hardware RESET, external interrupt on INT1, INT2, INT3, or timer 1 interrupt) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370CxS8x is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET, external interrupt on the INT1, INT2, or INT3) is 
detected. The power-down mode-selection bits are summarized in Table 10. 
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low-power and IDLE modes (continued) 


Table 10. Low-Power/Idle Control Bits 


POWER-DOWN CONTROL BITS 
PWRDWN/IDLE | HALT/STANDBY | MODE SELECTED 
(SCCR2.6) (SCCR2.7) 
ea eS STANDBY 


Tt Don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an IDLE instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method for always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI is generated always, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (SP, PC, and ST), I/O pin direction and output data, and status registers of all on-chip peripheral 
functions. Since all CPU instruction processing is stopped during the STANDBY and HALT modes, the clocking 
of the WD timer is inhibited. 


clock modules 


The ’x8x family provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 microcontroller. The ’x8x masked ROM devices offer both options to meet 
system engineering requirements. Only one of the two clock options is allowed on each ROM device. The 686A 
EPROM has only the divide-by-4. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a one-to-one match of the external resonator frequency (CLKIN) to the internal system 
clock (SYSCLK) frequency, whereas the divide-by-4 option produces a SYSCLK which is one-fourth of the 
frequency of the external resonator. Inside of the divide-by-1 module, the frequency of the external resonator 
is multiplied by four, and the clock module then divides the resulting signal by four to provide the four-phased 
internal system clock signals. The resulting SYSCLK is equal to the resonator frequency. These are formulated 
as follows: 


external resonator frequency _ CLKIN 
4 oN ae 
external resonator frequency x 4 
4 


The main advantage of choosing a divide-by-1 oscillator is the improved EMI performance. The harmonics of 
low-speed resonators extend through fewer of the emissions spectrum than the harmonics of faster resonators. 
The divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a 
steeper decay of emissions produced by the oscillator. 


Divide-by-4 option: SYSCLK = 


Divide-by-1 option: SYSCLK = = CLKIN- 
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system configuration registers 


Table 11 contains system-configuration, control functions, and registers for controlling EEPROM programming. 
The privileged bits are shown in bold typeface in shaded areas. 


Table 11. Peripheral File Frame 1: System-Configuration Registers 


PF BIT 6 BIT 5 BIT 3 BIT 2 BIT 0 REG 
COLD OSC JTO | OSCFLT | MCPIN | MCPIN BEC Tarn 
START | POWER | Flac WPO DATA MODE 


MEMORY 


HALT/ | PWRDWN/ CPU iN oe 
STANDBY | IDLE sTEST STEST of 


Reserved 


P016 

O17 INT1 INT1 INT1 INT1 INT1 INT4 
FLAG PIN DATA POLARITY | PRIORITY ENABLE 

Po18 INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 

Po1g INT3 INT3 INT3 INTS3 INT3 INT3 INT3 INT3 
FLAG PIN DATA aes DIR DATA OUT | POLARITY | PRIORITY ENABLE 

ot ae ae [| ae | wiwo | exe deen. 

PO1B ae 

Me nly wep ee ee eee Been 

P01D 


Reserved 
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digital port-control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 12 shows the specific 
addresses, registers, and control bits within this peripheral file frame. Table 13 shows the port-configuration 
register setup. 


Table 12. Peripheral File Frame 2: Digital Port-Control Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Reserved APORT1 
APORT2 
ADATA 
ADIR 
BPORT1 
BPORT2 
BDATA 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 
Table 13. Port-Configuration Register Setup 
abcd abcd 
00q1 0OyO 


a = Port x Control Register 1 
b = Port x Control Register 2 
c = Data 
d = Direction 
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programmable timer 1 


The programmable Timer 1 (T1) module of the TMS370Cx8x provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers, T1 and WD timer, allow program selection of input 
clock sources (real-time, external event, or pulse accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The Timer 1 module includes three external device pins that can 
be used for multiple counter functions (operation-mode dependent), or used as general-purpose I/O pins. The 
T1 module block diagram is shown in Figure 6. 


16-Bit 
Capt/Comp 
Register 


16-Bit 
Compare 
Register 


Interrupt 
Logic 


Prescaler 


interrupt 
; Logic 
16-Bit 


Watchdog Counter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three Timer I/O pins 
— T1IC/CR: T1 input capture / counter-reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: T1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: T1 event input pin, or general-purpose bidirectional I/O pin 
@ Two operational modes: 
— Dual-compare mode: Provides PWM signal 
— Capture/compare mode: Provides input capture pin 
One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


@ One 16-bit capture/compare register, which, depending on the mode of operation, operates as either 
capture or compare registers. 


@ One 16-bit WD counter can be used as an event counter, a pulse accumulator, or an interval timer if WD 
feature is not needed. 


@ Prescaler/clock sources that determines one of eight clock sources for general-purpose timer 
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programmable timer 1 (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR) 


@ Interrupts that can be generated on the occurrence of: 
- Acapture 
— Acompare equal 
— Acounter overflow 
— Anexternal-edge detection 
@ Sixteen T1 module control registers located in the PF frame beginning at address P040 


The T1 module control registers are illustrated in Table 14. 
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programmable timer 1 (continued) 


Table 14. Timer 1 Module Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


Mode: Dual-Compare and Capture/Compare 
Bit 15 T1Counter MSbyte Bit8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit O 
Bit 15 Compare Register MSbyte Bit8 | TiC 
Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit8 | T1CC 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Watchdog Counter MSbyte Bit8 |} WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit O 
Bit 7 Watchdog Reset Key BitO | WORST 


WD OVRFL | WD INPUT | WD INPUT | WD INPUT T1 INPUT T1 INPUT T1 INPUT 
TAP SELT | SELECT2t | SELECTi1T | SELECToT SELECT2 | SELECT1 SELECTO 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL T1 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
TIEDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 T1C1 T1C2 T1C1 TiCR T1EDGE TiCR T1EDGE 
MODE=0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY | RSTENA DET ENA 
Mode: Capture/Compare 
TiEDGE T1C1 TIEDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 TIEDGE TIEDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Mode: Dual-Compare and Capture/Compare 
TIEVT TIEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
TIPWM T1PWM Ti1PWM T1PWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT | FUNCTION | DATADIR DATA IN DATA OUT | FUNCTION DATA DIR 


Tt Once the WD OVREL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 


PF REG 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


P049 TICTLA 


PO4A TiICTL2 


P04B TICTL3 


PO4C TICTL4 


PO4B TICTL3 


PO4C TICTL4 
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programmable timer 1 (continued) 


Figure 7 shows the Timer 1 capture/compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the PF. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in the T1CTL2 


register. 
T1CC.15-0 
Cantheorn — T1C1 
Source T1CTL4.6 = <TiPWM> 
3° 
= 
T1CNTR.15-0 
LSB 16-Bit 


MSB Counter 


& Reset 
T1 SW 


GED ye 


RESET 
16-Bit LSB 
T1CTL2.0 T1C1 Compare 


RST ENA 


Register MSB 


T1 OVREL INT FLAG 


(ricT123} 


T1CTL2.4 
T1 OVRFL INT ENA 


T1PC2.3-0 
T1EDGE DET ENA 


T1EDGE INT FLAG 


(rieT137}0 


T1CTL4.0 


TICTL4.2 T1EDGE INT ENA 
T1EDGE POLARITY 


Figure 7. Capture/Compare Mode 
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programmable timer 1 (continued) 


Figure 8 shows the Timer 1 dual-compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in 
the T1CTL2 register. 


16-Bit jsp] |T1C2INTFLAG 


Prescaler peptone 
Register MSB Output 
Clock oo Enable 
Source T1CTL3.1 


T1C2 INT ENA 


T1CTL4.5 


(T1enTR.15-0 ) 
T1PC2.7-4 


© BS 
T1C2 OUT ENA 


LSB 16-Bit —— © 
MSB Counter a . T1C1 INT FLAG T1CTL4.6 f= <CT1PwM > 
Z TICTL3.5}-O O E 
een TICTL30) T1C1 OUT ENA 
T1C1 T1C.15-0) 4 + TICTL4.3 
T1 SW 
RESET RST ENA arse T1C1 INT ENA 
I 
TICTL2.0 TICTL4.4 Compare TiCR OUT ENA 
Register MSB 
boa) & 
E>. te T1 OVRFEL INT FLAG 
TICTL4.1 
TicR 
T1PC2.3-0 RST ENA TiCTL2.4 
T1 OVRFL INT ENA : — 
O ee 


T1CTL4.0 
TIEDGE DET ENA 


TICTL4.2 
T1EDGE POLARITY 


TICTL3.2 


T1EDGE INT ENA 


Figure 8. Dual-Compare Mode 
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programmable timer 1 (continued) 


The TMS370Cx8x device includes a 24-bit WD timer, contained in the T1 module, which can be programmed 
as an event counter, pulse accumulator, or interval timer if the watchdog function is not used. The WD function 
is to monitor software and hardware operation and to implement a system reset when the WD counter is not 
properly serviced (WD counter overflow or WD counter is re-initialized by an incorrect value). The WD can be 
configured as one of three mask options as follows: standard watchdog, hard WD, or simple counter. 


@ Standard watchdog configuration (see Figure 9) for EPROM and mask-ROM devices: 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


—- AWDreset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


— Awatchdog overflow flag (WD OVRFLINT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator or an interval timer 


WDCNTR. 15-0 
16-Bit WD OVRFL TICTL2.6 
Watchdog Counter INT FLAG 
T1ICTL2.5 es O——————_ Interrupt 
cae WD OVRFL 
Bs INT ENA 
Clock 
Prescaler T1CTL1.7 Tee, 
WD OVRFL 
TAP SEL O O—————_ System Reset 
WD OVRFL 
Watchdog-Reset Key RST ENA 


Figure 9. Standard Watchdog 
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programmable timer 1 (continued) 


@ Hard watchdog configuration (see Figure 10) for mask-ROM devices: 
— Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


— AWD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


— Generates a system reset if an incorrect value is written to the WDRST or if the counter overflows. 


— AWD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a system 
reset. 


— Automatic activation of the WD timer upon power-up reset 


— INT1 is enabled as a nonmaskable interrupt during low-power modes. 


WDCNTR. 15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter TICTL2.5 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog-Reset Key 


Figure 10. Hard Watchdog 
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programmable timer 1 (continued) 


@ Simple counter configuration (see Figure 11) for mask-ROM devices only 


— Simple counter can be configured as an event counter, pulse accumulator or an internal timer. 


WDCNTR. 15-0 
i WD OVFL 
Watchdog Counter INT FLAG TICTL2.6 
T1ICTL2.5 o~ O——————_ Interrupt 


WD OVRFL 
INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog-Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


instruction set overview 


Table 15 provides an opcode-to-instruction cross reference of all 73 instructions and 274 opcodes of the 
‘370Cx8x instruction set. The numbers at the top of this table represent the most significant nibble (MSN) of the 
opcode while the numbers at the left side of the table represent the least significant nibble (LSN). The instruction 
of these two opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that opcode. 


For example, the opcode B5dh points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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82-El 


Evyl-lLS2ZZ SVX3L ‘NOLSNOH efrr!l XO 30IS40 LSOd 


SVX4L oe 


SLNAWNAULSN 


Zor 


= 
i= - - + 
S85] S35] SSN] S83 S| STS 


Ss 


Table 15. TMS370 Family Opcode/Instruction Mapt 


Rs,Rd,ra #n,B,ra 
4/11 


BTJZ BTJZ 
Rs,Rd,ra #n,B,ra 
4/11 


BTJO 
#n,Rd,ra 
4/10 


BTJZ 
#n,Rd,ra 


MSN 


A,Pd,ra 
3/11 


BTJZ 
A,Pd,ra 
3/10 


BTJO 
B,Pd,ra 
3/10 


BTJZ 
B,Pd,ra 
3/10 


BTJO 
#n,Pd,ra 
4/11 


BTJZ 
#n,Pd,ra 
4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*lab[B],A 
3/12 


XCHB A/ 
TST B 
1/10 


DJNZ 
B,#ra 
2/10 


COMPL 
B 
1/8 


COMPL 


MOV 
#ra[SP],A 
2/7 


MOV 
A,*ra[SP] 
2/7 


T All conditional jumps (opcodes 01-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instructions 
have a relative address as the last operand. 
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X8XD0ZESWL 


SY3d TIOULNOQOUDIN LId-8 


Evyl-lSZZZ SWX3L‘NOLSNOH ef?! XOE 30IdAO LSOd 


SVX4] ee 


SLNAWNUYLSN 


Zor 


0 1 2 


2/46 

CMP CMP 

Rs,B Rs,Rd 
2/7 3/9 


Table 15. TMS370 Family Opcode/Instruction Mapt (Continued) 


MSN 
B Cc 
BR RR RR 
*Rp A B 
2/8 1/8 1/8 
CMP CMP RRC RRC 
*Rp,A *lab[B],A A B 
2/10 3/13 1/8 1/8 
DAC DAC CALL CALL RL RL 
Rs,B Rs,Rd lab *Rp A B 
2/9 3/11 3/13 2/12 1/8 1/8 
DSB DSB CALLR CALLR CALLR RLC RLC 
Rs,B Rs,Rd lab *Rp *lab[B] A B 
2/9 3/11 3/15 2/14 3/17 1/8 1/8 


3 4 5 6 YA 8 9 A 


MPY MPY 
Rs,B Rs,Rd 


3/48 


DIV 
Second byte of two-byte instructions (F4xx): F4 8 Rn.A 
3/14-63 
Legend: 
* = Indirect addressing operand prefix F4 A 
& = Direct addressing operand prefix 
# = immediate operand 
#16 = immediate 16-bit number F4 B 
lab = 16-label 
n = immediate 8-bit number 
Pd = Peripheral register containing destination type F4 Cc Figee 
Pn = Peripheral register 
Ps = Peripheral register containing source byte 
ra = Relative address 
Rd = Register containing destination type Fa D eal 
Rn = Register file 
Rp = Register pair 
Rpd= Destination register pair F4 E 
Rps= Source Register pair 
Rs = Register containing source byte 


62-E1 


T All conditional jumps (opcodes 01-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instructions 
have a relative address as the last operand. 
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development system support 


The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator XDS22, CDT and an EERPROM/UVEPROM programmer. 


Assembler/linker (Part No. TMDS3740850-02 for PC) 

— Includes extensive macro capability 

— Provides high-speed operation 

— Includes format conversion utilities for popular formats 


ANSI C Compiler (Part No. TMDS3740855-02 for PC, Part No. TMDS3740555—09 for HP700™, Sun-3™ 
or Sun-4™) 


— Generates assembly code for the TMS370 that can be inspected easily 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct reference to the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
CDT370 (Compact Development Tool) real-time in-circuit emulation 
— Base (Part Number EDSCDT370 — for PC, requires cable) 
— Cable for 40-pin DIP (Part No. EDSTRG40DIL8X) 
— Cable for 44-pin PLCC (Part No. EDSTRG44PLCC8x) 
— Provides EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Includes compatibility to upload/download program and data memory 
— Executes programs and software routines 
— Includes 1024-sample trace buffer 
— Includes single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
— Provides timers for analyzing total and average time in routines 


— Contains an eight-line logic probe for adding visibility of external signals to the breakpoint qualifier and 
to trace display 


Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 44-pin PLCC (Part No. TMDS3780510A) 
— Single unit head for 40-pin DIP (Part No. TMDS3780511A) 
— PC-based, window/function-key-oriented user interface for ease of use and rapid learning environment 
Converter Socket (Part No. TMDS377880TP) 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Incorporated. 
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device numbering conventions 


Figure 12 illustrates the numbering and symbol nomenclature for the TMS370Cx8x family. 
TMS 370 C 6 8 6 A FNL 


Prefix: TMS Standard prefix for fully qualified devices 
SE System evaluator (window EPROM) that is used for 
prototyping purpose. 


Family: 370 TMS370 8-Bit Microcontroller Family 


Ceramic Leaded Chip Carrier 
Plastic Dual-in-Line 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 

- A standard watchdog 

— A hard watchdog 

— A simple watchdog 

The clock can be either: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power modes can be either: 

— Enabled 

— Disabled 

A = For EPROM device, a standard watchdog, 

a divide-by-4 clock, and low-power modes are enabled 


Sat ae Technology: C = CMOS 
Program Memory Types: 0 = Mask ROM 
3 = Mask ROM, No Data EEPROM 
6 = EPROM, No Data EEPROM 
ie a Device Type: 8 = ’x8x device containing a Timer1 module 
Memory Size: 0 = 4K bytes 
6 = 16K bytes 
Temperature Ranges: A = -40°C to 85°C 
L = 0°C to 70°C 
T = -40°C to 105°C 
Packages: FN Plastic Leaded Chip Carrier 
FZ 
N 
A 


ROM and EPROM Option: 


Figure 12. TMS370Cx8x Family Nomenclature 
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device part numbers 


Table 16 provides all of the ’x8x devices available. The device part number nomenclature is designed to assist 
ordering. Upon ordering, the customer must specify not only the device part number, but also the clock and 
watchdog timer options desired. Each device can have only one of the three possible watchdog timer options 
and one of the two clock options. The options to be specified pertain solely to orders involving ROM devices. 


Table 16. Device Part Numbers 


DEVICES PART NUMBERS DEVICES PART NUMBERS 
FOR 44 PINS (LCC) FOR 40 PINS (PDIP) 
TMS370C380AFNA TMS370CO80ANA 


TMS370C380AFNL TMS370CO80ANL 
TMS370C380AFNT TMS370CO80ANT 


TusavocesearnT [oS 
sesrocesearait_[ 


t System evaluators are for use in prototype environment and their 
reliability has not been characterized. 
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new code release form 


Figure 13 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. AROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using Tl standard specification as incorporated in TI’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: a 

No: (Std. spec to be followed) 

“If Yes: Customer must provide "print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


T™MS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled {] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
{] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
[] Supply Voltage MIN: ; Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 


: re “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
(etd range: 4:6V to S:S¥) options. See the 7MS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNS014B). 


TEMPERATURE RANGE PACKAGE TYPE 
(]'L: 0° to 70°C (standard) []’N’ 28-pin PDIP {] “FN” 44-pin PLCC 
[|'A:  -40° to 85°C [] “FN” 28-pin PLCC {] “EN” 68-pin PLCC 
(|'T:  -40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization [} YES [] NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
TI spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a’P’ in the symbolization preceding the 
Tl part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this Tl custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 13. Sample New Code Release Form 
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Table 17 is a collection of all the peripheral file frames used in the ’Cx8x (provided for a quick reference). 


Table 17. Peripheral File Frame Compilation 


System Configuration Registers 


START POWER WAIT FLAG WPO DATA MODE 
aa “ 
po1a | _HALT/ | PWRDWN/ BUS | CPU — PRIVILEGE | G55 

STANDBY > IDLE STEST STEST DISABLE — 

P013 
to Reserved 
P016 

FLAG PIN DATA POLARITY | PRIORITY ENABLE 

FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 

FLAG PIN DATA DATA DIR DATA OUT | POLARITY | PRIORITY ENABLE 
PO1B Reserved 
PO1E Reserved 
PO1F 


Timer1 Module Register Memory Map 
Modes: Dual-Compare and Capture/Compare 
Bit 15 TiCounter MSbyte Bit 8 | TICNTR 


Bit 7 T1 Counter LSbyte Bit O 


Po40 
P041 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 
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Table 17. Peripheral File Frame Compilation (Continued) 


Posd r1¢0 
P047 | Bit 7 Watchdog Counter LSbyte Bit O 
poss WORST 
TAP SELt SELECT2t | SELECTiT | SELECTOT SELECT2 SELECT1 SELECTO 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG SW RESET 
DATA IN DATA OUT | FUNCTION DATA DIR 
DATA OUT | FUNCTION DIR 


t Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUDOIV VOHEOG (ENDO Vier 1amGr te 1) ioe as one 005 cae ne ithe Cnn oct kk AA ee -0.6Vto7V 
TRUONG Talia. Alms GMO TG 0 So ines ckivees oe ev cet cas Qaware ere enee gs -0.6Vto7V 
ICS ood nko or SOR enh ws OL ee Ome ee -0.6Vto 14 V 

Input clamp current, Ijq (Vj< OOF Vi>VOC) -e eee e ete eeereeetetetet eee eens +20 mA 
Output clamp current toi (We <0 OF VG > V GG) vic cite taigeete so sceebeneanssataensmaanag +20 mA 
Continuous output current per buffer, Io (Vo = 0 to Vecy) (see Note 2) ....... 0. eee eee ee eee eens +10 mA 
oe Oke tl fee Ee bat eee eee Ss CATR ERC ERE Kee eT CSE LCE EASE RRR ES ee Sor ey eee ee 170 mA 
Maximurti-lae -CUTOR Yves rer ies RR ENE frei heres rire en rer ress -—170mA 
In RT a ccd ais uss poeta ng Nigeet mikcesben 46a ikl Snsbd, Naa ene cab od ma keaediteeohaaeeeetn 1W 
Operating free-air temperature range, Ta: Lversion .......... cece cece tee eee 0°C to 70°C 
Pe MONGMNE PT eAE S ce ic as 4 Se ke va aes — 40°C to 85°C 

SVN is ae ok, tk aes: TAR ics — 40°C to 105°C 

Storage temperature range, Tstg .-.--- ee eee ete eee eet eee tenet e eee —65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vss. 
2. Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in 
any buffer can affect the levels on other buffers. 


recommended operating conditions 


Supply voltage (see Note 1) 


RAM data-retention supply voltage (see Note 3) 


All pins except MC 
Low-level input voltage 
MC, normal operation 


All pins except MC, XTAL2/CLKIN, and 
RESET 


ViH High-level input voltage XTAL2/CLKIN 0.8 Vcc Vcc 


Vic MC (mode contr votage [EPROM programming votage (Vp) | 1102105 | 


NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vss. 
3. RESET must be externally activated when Vcc or SYSCLK is not within the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
VOL Low-level output voltage lol = 1.4 mA Pawar (She 
VOH High-level output voltage Si EB ge V 
IOH =—-2 mA 


{Se ee SET! 
MC 0.3V<Vj<13V 


Input current See Note 4 


12V<V)<13V 


1/O pins OV<sVi< VCC 
poua Ga 

IOH High-level output current OH oC 

oles 2a pe = aya eae 


See Notes 5 and 6 
SYSCLK = 5 MHz 
Supply current (operating mode) See Notes 5 and 6 A 
OSC POWER bit = 0 (see Note 7) SYSCLK = 3 MHz sp 
See Notes 5 and 6 7 1 
SYSCLK = 0.5 MHz 
See Notes 5 and 6 10 17 
SYSCLK = 5 MHz 
Supply current (STANDBY mode) See Notes 5 and 6 A 
oe OSC POWER bit = 0 (see Note 8) SYSCLK = 3 MHz * 
See Notes 5 and 6 
SYSCLK = 0.5 MHz 
Supply current (STANDBY mode) SYSCLK = 3 MHz Dh Oe 
OSC POWER bit = 1 (see Note 9) See Notes 5 and 6 
SYSCLK = 0.5 MHz 
See Note 5 


NOTES: 4. Input current lpp is a maximum of 50 mA only when you are programming EPROM. 

5. Single-chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or = Voc — 0.2V. 

6. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. At5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

7. Maximum operating current = 7.6 (SYSCLK) + 7 mA. 

Maximum standby current = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 
Maximum standby current = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit = 1, only valid up to 3 MHz SYSCLK). 


me 


IOL Low-level output current 


co 
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XTAL2/CLKIN XTAL2/CLKIN 


i 


C1 Crystal/Ceramic C2 C3 
(see Note B) ack tap i pe (see Note B) External aie (see Note B) 
(see Note A) > Clock Signal - 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


B. The values of C1 and C2 are typically 15 pF and the value of C3 is typically 50 pF. See the manufacturer’s recommendations for 
ceramic resonators. 


Figure 14. Recommended Crystal/Clock Connections 


Load Voltage 
1.2 kQ 


Vo 
20 pF 


ok 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = Vo_ = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 15. Typical Output Load Circuit (See Note A) 


Vcc 


Pin Data 


Output 
Enable 


Figure 16. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AR Array Cl XTAL2/CLKIN 
B Byte SC SYSCLK 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) Su setup time 

d delay time Vv valid time 

f fall time w pulse duration (width) 
r rise time 


The following additional letters are used with these meanings: 


H High 
L Low 
V Valid 


All timings are measured between high and low measurement points as indicated in Figure 17 and Figure 18. 


=—= ——— 0.8 Vcc V (High) ier Sie ee 2 V (High) 
oe ee 0.8 V (Low) bot gears — — 0.8 V (Low) 


Figure 17. XTAL2/CLKIN Measurement Points Figure 18. General Measurement Points 
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external clocking requirements for clock divided by 4 (see Note 10 and Figure 19) 


PARAMETER |_MIN MAX. 


| NO. | 


tw(Cl Pulse duration, XTAL2/CLKIN (see Note 11) eye es ee 
Pee oo Rene Oe eee he | 
Pe lc, ee ee Ete 
[4 [taciriscuy Delaytime, XTALZICLKINisetoSYSGLK Tal SSCSCS~SCSsYSCSCSCS*C«*OOY 
[—Jeukin Crystal operatingtrequenoy SSCS] 
eS SYSCLK Internal system clock operating frequencyt | 05  . 5| MHz | 


T SYSCLK = CLKIN/4 
NOTES: 10. For Vi, and Vjp, refer to recommended operating conditions. 
11. This pulse may be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


+-1-> 


+ 2 


y_ 
e- 


l\¢+—+ 4 
SYSCLK BIRR RRR ICR rs” 


Figure 19. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL) (see Note 10 and Figure 20) 


Ca Da a ee eT 


CLKIN Crystal operating frequency 
SYSCLK Internal system clock operating frequency+ 


+ SYSCLK = CLKIN/1 
NOTES: 10. For Vi, and Vjp, refer to recommended operating conditions. 
11. This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


td(CIH-SCH) Delay time, XTAL2/CLKIN rise to SYSCLK rise 


Shee 
pana I NO IN ie 
| | | 
| | 
+ 2 Foie ees Ua 


SYSCLK ey Ca ae ik, ee Ae 


Figure 20. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 12) 


PARAMETER 


tc Cycle time, SYSCLK (system clock) = : 
Divide-by-1 200 500 


tw(SCL Pulse duration, SYSCLK low 0.5 te—20 0.5 te 
tw(SCH Pulse duration, SYSCLK high O5te 05t¢+20 


NOTE 12: t, = system-clock cycle time = 1/SYSCLK 


SE 
| | 6 ae 
| 


SYSCLK se, CRI an eee) See 


Figure 21. SYSCLK Timing 


general purpose output signal switching time requirements 


Twin NOM WAX UNIT 
fae Le ee 


Sle 
| 

| ie tr 7 
>| @ tf 


Figure 22. Signal Switching Timing 


recommended EEPROM timing requirements for programming 


ery Se eh ye eens alg at 
tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) ee aes SS) 


tw(PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) zee: oe 


recommended EPROM operating conditions for programming 


Sees a a eae es 

Vcc Supply voltage 4.75 5.5 6 
Vpp Supply voltage at MC pin 3 "182 138 
Ipp Supply current at MC pin during programming (Vpp = 13 V) 30 50 


SYSCLK System clock — MHz 
Divide-by-1 


recommended EPROM timing requirements for programming 


tw(EPGM Pulse duration, programming signal (see Note 13) 0.40 0.50 3 eS 


NOTE 13: Programming pulse is active when both EXE (EPCTL.O) and VPPS (EPCTL.6) are set. 
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Table 18 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 18. TMS370Cx8x Family Package Type and Mechanical Cross-Reference 


nos acess TMS370 GENERIC NAME Miso babes acres DEVICE PART NUMBERS 


TMS370C380AFNA 
FN — 44 pin PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED TMS370C380AFNL 
(50-mil pin spacing) | (PLCC) CHIP CARRIER TMS370C380AFNT 
TMS370C686AFNT 


FZ — 44 pin CERAMIC LEADED CHIP CARRIER _ | FZ(S-CQCC-J**) J-LEADED CERAMIC 
(50-mil pin spacing) | (CLCC) CHIP CARRIER SES70C686AFZT 


TMS370CO80ANA 
TMS370CO80ANL 
TMS370CO80ANT 


N — 40 pin PLASTIC DUAL-IN-LINE PACKAGE N(R-PDIP-T**) PLASTIC DUAL-IN-LINE 
(100-mil pin spacing) | (PDIP) PACKAGE 


sa TEXAS 
INSTRUMENTS 


13-42 POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77251-1443 


TMS370Cx9x Data Sheet 


: JB9YS EEC X6XOOZESWL 


14-2 


ba TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS370Cx9x 
8-BIT MICROCONTROLLER 


SPNS036A — JANUARY 1996 — REVISED MARCH 1996 


FN AND F 
@ CMOS/EEPROM/EPROM Technologies on a mee ar 


Single Device 

— Mask-ROM Devices for High-Volume 
Production 

— One-Time-Programmable (OTP) EPROM 
Devices for Low-Volume Production 

— Reprogrammable EPROM Devices for 
Prototyping Purposes 


@® Internal System Memory Configurations 
- On-Chip Program Memory Versions 
— ROM: 4K Bytes 
— EPROM: 8K Bytes 
- Data EEPROM: 256 Bytes 
- Static RAM: 128 Bytes Usable as 
Registers 


@ Flexible Operating Features 
— Low-Power Modes: STANDBY and HALT Par erent 
—- Commercial, Industrial, and Automotive (TOP VIEW) 
Temperature Ranges 
— Clock Options: 
— Divide-by-4 (0.5 MHz — 5 MHz SYSCLK) 
— Divide-by-1 (2 MHz — 5 MHz SYSCLK) 
PLL 
— Supply Voltage (Vcc): 5 V+ 10% 
@® 15-Channel 8-Bit A/D Converter 3 


@ 16-Bit General-Purpose Timer 
— Software Configurable as 
a 16-Bit Event Counter, or 
a 16-Bit Pulse Accumulator, or 
a 16-Bit Input Capture Function, or 
Two Compare Registers, or 
a Self-Contained 
Pulse-Width-Modulation (PWM) Function 
— 8-Bit Prescaler, Providing a 24-Bit 
Real-Time Timer 


@ On-Chip 24-Bit Watchdog Timer ® CMOS/Package ITT L-Compatible 1/0 Pins 
— EPROM/OTP Devices: Standard — 40- and 44-Pin Plastic and Ceramic 
Watchdog Shrink Dual-in-Line and Leaded Chip 
— Mask ROM Devices: Hard Watchdog, Carrier Packages /16 Bidirectional; 9 
Input Pins 


Simple Counter, or Standard Watchdog 
@ TMS370 Series Compatibility 
Instructions Upwardly Compatible With 
All TMS370 Devices 
— Register-to-Register Architecture 
— 128 or 256 General-Purpose Registers — Real-Time In-Circuit Emulation 


" Ly cee AEG mados — Extensive Breakpoint/Trace Capability 
@ Flexible Interrupt Handling — Software Performance Analysis 


— Multi-Window User Interface 


— Microcontroller Programmer 
Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 


Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 
tandard . Producti ing does not rily include I 
teethne oleae tae ti Sager vis TEXAS 
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— All Peripheral Function Pins Are 
Software Configurable for Digital I/O 
@ Workstation/PC-Based Software 
Development System 
— C Compiler and C Source Debugger 
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Pin Descriptions 
spip | Lcc | vot DESCRIPTION+ 
(40) | (44) 
AO 38 42 


1/O | Port A is a general-purpose bidirectional |/O port. 


29 
31 
32 /O | Port D is a general-purpose bidirectional I/O port. D3 is also configurable as SYSCLK. 
30 
33 


D3/SYSCLK 
D4 
D5 
D6 
D7 


ANO/EO 
AN1/E1 
AN2/E2 
AN3/E3 
AN4/E4 
ANS5/E5 
AN6/E6 
AN7/E7 


ADC3 analog input (ANO—AN7) or positive reference pins (AN6—AN7) 
Port E can be individually programmed as general-purpose input pins if not used as ADC3 analog in- 
put. Only AN6 and AN7 can be software-configured as positive reference input. 


ADC3 analog input pins 


= iene bidirectional pin. RESET, as an input, initializes the microcontroller; as open-drain 
output, RESET indicates an internal failure was detected by the watchdog or oscillator fault circuit. 


Mode control (MC) pin. MC enables EEPROM write-protection override (WPO) mode, also EPROM 
VPP. 


a= 
XTAL1 32 35 Internal oscillator output for a 

Voc | 8 | 9 | | Postivesuppyvotagefordgialiogic SSSC~“‘S;C;‘<;<S;*~*~<;<S;S*~*” 
<li | nae eo ec eae 
Vocs___| 9 | 10 | |PosltvesuppyvotageforaD@s 
Mess | hl Wd  CeeiARCS Oe eo | 


fe be we pete These pins have no connection to the internal die. 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Also, port D3 can be configured as SYSCLK. 


bala TEXAS 
INSTRUMENTS 


14-4 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx9x 
8-BIT MICROCONTROLLER 


SPNS036A — JANUARY 1996 — REVISED MARCH 1996 


functional block diagram 


EO-E7 
PEASE or 
INT1 XTAL1 XTAL2/ MC RESET ANO—AN7 AN8—AN14 
CLKIN A A 
SSS a aes ES AS RE: RS Hd RI RO 7S 


Clock Options: Vcec3 
Divide-by-4 or | System Control A-to-D Converter 3 
Divide-by-1(PLL) 
Vss3 


RAM 
128 Bytes 
= T1IC/CR 
TIEVT 
Program Memory Data EEPROM sailed 
ROM: 4K Bytes 256 Bytes ff | a a 


Watchdog 


EPROM: 8K Bytes 


Vcc 
Vss 


[ree 
S 


description 


y 


The TMS370C090A, TMS370C792, and SE370C792 devices are members of the TMS370 family of single-chip 
8-bit microcontrollers. Unless otherwise noted, the term TMS370Cx9x refers to these devices. The TMS370 
family provides cost-effective real-time system control through integration of advanced peripheral function 
modules and various on-chip memory configurations. 


The TMS370Cx9x family is implemented using high-performance silicon-gate CMOS EPROM and EEPROM 
technologies. The low-operating power, wide-operating temperature range, and noise immunity of CMOS 
technology coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370Cx9x devices attractive in system designs for automotive electronics, industrial motor control, 
computer peripheral control, telecommunications, and consumer application. 


All TMS370Cx9x devices contain the following on-chip peripheral modules: 


@ Fifteen-channel, 8-bit analog-to-digital converter 3 (ADC3) 
@ One 24-bit general-purpose watchdog timer 
@ One 16-bit general-purpose timer with an 8-bit prescaler 
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description (continued) 


Table 1 provides a memory configuration overview of the TMS370Cx9x devices. 


Table 1. Memory Configurations 
PACKAGES 
44 PIN PLCC/CLCC, OR 


PROGRAM DATA MEMORY 
MEMORY Seaioe 
DEVICE (BYTES) ( ) 
re 40 PIN PSDIP/CSDIP 


ROM [EPROM | RAM [EEPROM 
Prusavocoooa———SC~=~“‘*‘~*~‘~*‘dCK:*SC~SC*dtSC ‘| as] SCPC PSDP 

BES 

iene 


8 7 fe 
TMS370C792 2.2 3 eS FN — PLCC / NJ+ —PSDIP 
SE370C792T FZ-CLCC/ JC —-CSDIP 


tT System evaluators and development tools are for use only in a prototype environment, and their reliability has not been characterized. 
+ The NJ designator for the 40-pin plastic shrink DIP package was formerly known as N2. The mechanical drawing of the NJ is identical to the N2 
package and did not need to be requalified. 


The suffix letter A appended to the device names shown in the device column of Table 1 indicates the 
configuration of the device. ROM and EPROM devices have a different configuration as indicated in Table 2. 
ROM devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 2. Suffix Letter Configuration 


DEVICES WATCHDOG TIMER CLOCK LOW-POWER MODE 
EPROM without A Divide-by-4 (Standard oscillator) Enabled 


ROM A | Hard =———SS* Divide-by-4 or Divide-by-1 (PLL) 


§ Refer to the “device numbering conventions” section for device nomenclature and the “device part numbers” section for ordering. 


Enabled or disabled 


The 4K bytes of mask-programmable ROM in the associated TMS370Cx9x device are replaced with 8K bytes 
of EPROM in the TMS370C792 while all other available memory and on-chip peripherals are identical. A 
one-time-programmable device (OTP) (TMS370C792) and a reprogrammable device (SE370C792) are 
available. 


The TMS370C792 OTP device is available in a plastic package. This microcontroller is effective for use as an 
immediate production update for the TMS370Cx9x ROM device or for low-volume production runs when the 
mask charge or cycle time for the low-cost mask-ROM device is not practical. 


The SE370C792 has a windowed ceramic package that allows reprogramming of the program EPROM memory 
during the development/prototyping design phase. The SE370C792 device allows quick updates to 
breadboards and prototype systems while iterating initial designs. 


The TMS370Cx9x family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator and the general-purpose timer remain active. In the HALT mode, 
all device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370Cx9x features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370Cx9x family is fully 
instruction-set-compatible, allowing easy transition between members of the TMS370 8-bit microcontroller 
family. 
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description (continued) 


CPU 


X 


The TMS370Cx9x family provides the system designer with very economical, efficient solutions to real-time 
control applications. The TMS370 family extended development system (XDS™) and compact development 
tool (CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370Cx9x into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C-language, and the output code can be generated by the linker. The TMS370 family 
XDS development tools communicate through a standard RS-232-C interface with a personal computer. This 
allows the use of personal-computer editors and software utilities already familiar to the designer. The TMS370 
family XDS emphasizes ease-of-use through extensive use of menus and screen windowing so that a system 
designer with minimal training can begin developing software. Precise real-time in-circuit emulation and 
extensive symbolic debug and analysis tools ensure efficient software and hardware implementation as well 
as reduced time-to-market cycle. 


The TMS370Cx9x family together with the TMS370 family XDS22, CDT370 PACT, software tools, the 
SE370C792 reprogrammable device, comprehensive product documentation, and customer support provide 
a complete solution to the needs of the system designer. 


The CPU used on TMS370Cx9x devices is the high-performance 8-bit TMS370 CPU module. The ’x9x 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’x9x instruction set is summarized in Table 21. Figure 1 illustrates the CPU registers 
and memory blocks. 


DS and CDT are trademarks of Texas Instruments Incorporated. 
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CPU (continued) 


15 a Counter 0 


7 Stack Pointer (SP) 0 Legend: 


N=Negative IE2=Level2 interrupts Enable 


Status Register (S Z=Zero 1E1=Leveli interrupts Enable 
pe [N |z |v ea] ier] — |—| 
2.687 6374 Stee a 


RAM (Includes 128-Byte Registers File) 


0000h 


007Fh 
0080h 


OFFFh 
1000h 


107Fh 
1080h 
1EFFh 
1F00h 


1FFFh 
2000h 


5FFFh 
6000h 


6FFFh 
7000h 


7FBFh 
7FCOh 


7FFFh 
8000h 


apne ing ran RO Dora 
eee ee eee eee Sate ee 


Peripheral File 


256-Byte Data EEPROM 
ss NERS TESS. SSE 
Not Available* 
5 8K-Byte EPROM (6000h-—7FFFh) 
do 4K-Byte ROM (7000h-—7FFFh) 
Ae interrupts and Reset Vectors; Trap Vectors 


Not Availablet 


007Fh 


FFFFh 


T Reserved means that the address space is reserved for future expansion. 
+ Not available means that the address space is not accessible. 
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Figure 1. Programmer’s Model 
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CPU (continued) 


The ’x9x CPU architecture provides the following components: 
@ CPU registers: 
— Astack pointer that points to the last entry in the memory stack 


— Astatus register that monitors the operation of the instructions and contains the global-interrupt-enable 
bits 


— A program counter (PC) that points to the memory location of the next instruction to be executed 
@® A memory map that includes : 


— 128 bytes of general-purpose RAM that can be data memory storage, program instructions, 
general-purpose register, or the stack (can be located only in the first 128 bytes) 


— Aperipheral file that provides access to all internal peripheral modules, system-wide control functions, 
and EEPROM/EPROM programming control 


— A256-byte EEPROM module that provides in-circuit programmability and data retention in power-off 
conditions 


— 4K bytes of ROM or 8K bytes of EPROM program memory 
stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. The stack is used 
typically to store the return address on subroutine calls as well as the status register contents during interrupt 
sequences. 


The SP points to the last entry or to the top of the stack. The SP increments automatically before data is pushed 
onto the stack and decrements after data is popped from the stack. The stack can be located only in the first 
128 bytes of the on-chip RAM memory. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global-interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits: 


® The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional jump instructions) use these status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 


The ST register and status bit notation are shown in Table 3. 


Table 3. Status Register 


t 6 5 4 3 2 1 0 
Pett kh le pe Oe | ae ee oe 
RW-0 RW-0 RW-0O RW-0 RW-0 RW-0O 


R = read, W = write, 0 = value after reset 
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CPU (continued) 


program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most-significant byte (MSbyte) and least-significant byte (LSbyte) of a 16-bit address. 


The contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter during reset. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
6000h as the contents of memory locations 7FFEh and 7FFFh (reset vector). 
Program Counter (PC) 
Memory PCH PCL 


ae ee, Ae ie ee 


Figure 2. Program Counter After Reset 


memory map 


The TMS370Cx9x architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. As shown in Figure 3, the TMS370Cx9x provides a memory-mapped RAM, ROM, data 
EEPROM, EPROM, input/output pins, peripheral functions, and system-interrupt vectors. 


The peripheral file contains all input/output port control, peripheral status and control, EPROM, EEPROM 
programming, and system-wide control functions. The peripheral file consists of 256 contiguous addresses 
located from 1000h to 107Fh and logically divided into seven peripheral file frames of 16 bytes each. Each 
on-chip peripheral is assigned to a separate frame through which peripheral control and data information is 
passed. The TMS370Cx9x has its on-chip peripherals and system control assigned to peripheral file frames 1 
through 7, addresses 1010h through 107Fh. 
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CPU (continued) 


Peripheral File Control Registers 


Sea 128-Byte RAM (0000h — 007Fh) 1000h-100Fh 
007Fh (Register File/ Stack) System Control 1010h-101Fh 
0080h 


Digital Port Control 


1020h-—102Fh 


OFFFh 1030h-103Fh 
1000h 

Peripheral File Timer 1 Peripheral Control |4949h-104Fh 
107Fh 1050h-106Fh 
et —e comet —1070h-107Fh 
4EFFh 
1F00h 


256-Byte Data EEPROM 


Not Availablet 


5FFFh 

ee Vectors 

7000h 7FCOh-7FDFh 

7FBFh Reserved 7FEOh-—7FEBh 

7FCOh 7FECh-7FEDh 

7FFFh Reserved 7FEEh-—7FF3h 

8000h 7FF4h-7FF5h 
7FF6h-7FF7h 
7FF8h-7FF9h 

Not Available+ Rosereod acer rea 


[Reset FFEn-7FFF 
FFFFh 


Tt Reserved = the address space is reserved for future expansion. 
+ Not available = address space is unavailable in the mode illustrated. 


Figure 3. TMS370Cx9x Memory Map 


RAM/register file (RF) 


Locations within RAM address space can serve as the register file, general-purpose read/write memory, 
program memory, or stack instructions. The TMS370Cx9x device contains 128 bytes of internal RAM mapped 
beginning at location 0000h (RO) and continuing through location 007Fh (R127) which is shown in Figure 3. 


The first two registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 


peripheral file (PF) 


The TMS370Cx9x control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the peripheral file (PF) 
directly. These instructions designate the register by the number of the PF relative to 1000h, preceded by PO 
for a hexadecimal designator or by P for a decimal designator. For example, the system control register 0 
(SCCRO) is located at address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal 
designator is P16. Table 4 shows the TMS370Cx9x peripheral files address map. 
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peripheral file (PF) (continued) 


Table 4. TMS370Cx9x Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


1010h—101Fh P010—PO1F System and EEPROM/EPROM control registers 
1020h-103Fh P020—PO03F Digital 1/O port control registers 


data EEPROM 


The TMS370Cx9x devices contain 256 bytes of data EEPROM and have a memory map beginning at location 
1FOOh and continuing through location 1FFFh. Writing to the data EEPROM module is controlled by the data 
EEPROM control register (DEECTL) and the write-protection register (WPR). Programming algorithm 
examples are available in the TMS370 Family User’s Guide (literature number SPNU127), or the TMS370 
Family Data Manual (literature number SPNS0O14B). The data EEPROM features include the following: 


@® Programming: 
— Bit, byte, and block write/erase modes 
— Internal charge pump circuitry: No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the data EEPROM control register 
(DEECTL) located in the PF frame beginning at location PO1A. 


—  In-circuit programming capability: There is no need to remove the device to program. 
@ Write-protection: Writes to the data EEPROM are disabled during the following conditions: 
— Reset: All programming of the data EEPROM module is halted. 
— Write protection active: there is one write-protect bit per 32-byte EEPROM block. 
— Low-power mode operation 
@ Write protection can be overridden by applying 12 V to the MC pin. 


Table 5 shows the memory map of the control registers. 


Table 5. Data EEPROM and Program EPROM Control Registers Memory Map 


oe a 
ECCT ORR ROE Sees Cee ee 
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program EPROM 


The TMS370C792 contains 8K bytes of program EPROM memory mapped beginning at location 6000h and 
continuing through location 7FFFh as shown in Figure 3. Memory addresses 7FEOh through 7FEBh are 
reserved for Texas Instruments (TI™) and addresses 7FECh through 7FFFh are reserved for interrupt and reset 
vectors. Trap vectors, used with TRAPO through TRAP 15 instructions, are located between addresses 7FCOh 
and 7FDFh. Reading the program EPROM modules is identical to reading other internal memory. During 
programming, the EPROM is controlled by the program EPROM control register (EPCTL). The program 
EPROM modules’ features include: 


@ Programming 
—  I|n-circuit programming capability if Vpp is applied to the MC pin 


— Control register: Program EPROM programming is controlled by the program EPROM control registers 
EPCTL located at the addresses in PF frame 1 as shown in Table 5. 


@ Write protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset: All programming to the EPROM module is halted. 
— Low-power modes 
—- 13V not applied to MC 
program ROM 


The program ROM consists of 4K bytes of mask-programmable ROM. The program ROM is used for permanent 
storage of data or instructions. Programming of the mask ROM is performed at the time of device fabrication. 
Memory addresses 7FEOh through 7FEBh are reserved for Tl and addresses 7FECh through 7FFFh are 
reserved for interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP 15 instructions, are 
located between addresses 7FCOh and 7FDFh. 


system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370Cx9x CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
internally generated, while one (RESET) is controlled externally. These actions are as follows: 


@ External RESET pin. A low level signal can trigger an external reset. To assure a reset, the external signal 
should be held low for one SYSCLK cycle (it is possible, however, that a signal of less than one SYSCLK 
could cause a reset). See the TMS370 User’s Guide (literature number SPNU127) or the TMS370 Family 
Data Manual (SPNS0148B) for more information. 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register or if the re-initialization does not occur before the watchdog timer timeout . See the TMS370 User's 
Guide (literature number SPNU127) or the 7MS370 Family Data Manual (SPNSO14B) for more information. 


® Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the 7MS370 User’s Guide (literature number SPNU127) or the TMS370 Family Data Manual 
(SPNS014B) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’x9x device to reset external system components. Additionally, if a cold start condition 
(Vcc is off for several hundred milliseconds), oscillator failure occurs, or RESET pin is held low, then the reset 
logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator fault flag (OSC FLT FLAG, SCCRO.4), the cold start flag 
(COLD START, SCCRO.7), and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 6 depicts the reset sources. 
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system reset (continued) 


Table 6. Reset Sources 


[REGISTER [ ADDRESS [PF | BITNO. | CONTROL BITNAME |  SOURCEOFRESET 
Cold (power) 


Once a reset is activated, the following sequence of events occurs: 
The CPU registers are initialized: ST = 00h, SP = Oth (reset state). 


Registers A and B are initialized to 00h (no other RAM is changed). 
The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


Program execution begins with an opcode fetch from the address pointed to by the PC. 


Be es RR aa ote 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


RESET must be held low until the clock signal is valid and Voc is within the operating range, when an external 
reset circuit is connected to RESET. Figure 4 shows a typical reset circuit. 


To Other Device Resets 
Vcec1 


TMS370 


Reset In 


I¢ Reset Out 


Manual 
Reset 


Figure 4. Typical Reset Circuit 


interrupts 


The TMS370 family software programmable interrupt structure permits flexible on-chip and external-interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware-interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global-interrupt mask bits (IE1 and IE2) of 
the status register. 
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Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is configured selectively on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion for future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


TIMER 1 


Overflow — 
Compare a 
Ext Edge oon 
Compare2 - 
Input Capture > 
Watchdog — 


EXT INT1 


Priority 
Logic 


Level 1 INT 


Level 2 INT 


Figure 5. Interrupt Control 


The TMS370Cx9x has three hardware system interrupts (plus RESET) as shown in Table 7. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. A system interrupt can have multiple interrupt sources. All of the interrupt sources are 
individually maskable by local interrupt-enable control bits in the associated PF. Each interrupt source FLAG 
bit is individually readable for software polling or for determining which interrupt source generated the 
associated system interrupt. 


Two of the system interrupts are generated by on-chip peripheral functions, and one external interrupt is 
supported. Software configuration of the external interrupt is performed through the INT1 control registers in 
peripheral file frame 1. The external is software-configurable for input polarity (rising or falling edge) for ease 
of system interface. External interrupt INT1 is software-configurable as either a maskable or non-maskable 
interrupt. When INT1 is configured as non-maskable, it cannot be masked by the individual or global enable 
mask bits. The INT1 NMI bit is protected during non-privileged operation and, therefore, should be configured 
during the initialization sequence following reset. To maximize pin flexibility, external interrupt INT1 can be 
software-configured as a general-purpose input pin if the interrupt function is not required. 
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interrupts (continued) 


Table 7. Hardware System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
External RESET COLD START 
Watchdog overflow WD OVREFL INT FLAG RESET+ 7FFEh, 7FFFh 1 
Oscillator fault detect OSC FLT FLAG 
Timer 1 external edge T1EDGE INT FLAG 
+ Releases microcontroller from STANDBY and HALT low-power modes. 


External INT‘ INT1 FLAG INT1+ TEFCh, 7FPDH = BS es 
Timer 1 input capture 1 T11C1 INT FLAG 
§ Releases microcontroller from STANDBY low-power mode. 


Timer 1 overflow T1 OVRFL INT FLAG 
Timer 1 compare 1 T1C1 INT FLAG 
T1INTS 7FF4h, 7FF5h 
Watchdog overflow WD OVREL INT FLAG 
A/D conversion complete AD INT FLAG ADINT 7FECh,7FEDn | 4 | 


Timer 1 compare 2 T1C2 INT FLAG 
T Relative priority within an interrupt level. 


privileged operation and EEPROM write-protection override 


The TMS370Cx9x family has significant flexibility to enable the designer to software-configure the system and 
peripherals to meet the requirements of a broad variety of applications. The nonprivileged mode of operation 
ensures the integrity of the system configuration, once it is defined for an application. Following a hardware 
reset, the TMS370Cx9x operates in the privileged mode, where all peripheral file registers have unrestricted 
read/write access, and the application program configures the system during the initialization sequence 
following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) should be set 
to one to enter the nonprivileged mode; disabling write operations to specific configuration control bits within 
the peripheral file. Table 8 displays the system configuration bits that are write-protected during the 
nonprivileged mode and must be configured by software prior to exiting the privileged mode. 


Table 8. Privilege Bits 


REGISTER 
CONTROL BIT 
[NAME [LOCATION 
P010.6 PF AUTO WAIT 
agit P010.6 OSC POWER 
SCCRI P011.2 MEMORY DISABLE 
PO11.4 AUTOWAIT DISABLE 
BUS STEST 
PWRDWWN/IDLE 
The privilege bits are shown in a bold typeface in the system configuration 
registers section. 


PRIVILEGE DISABLE 
INT1 NMI 
ei CPU STEST 
HALT/STANDBY 
PO4E6 T1 PRIORITY 
TIPRI PO4E7 T1 STEST 
PO7F5 AD ESPEN 
ADPRI PO7F.6 AD PRIORITY 
PO7F7 AD STEST 
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The write-protect override (WPO) mode provides an external hardware method of overriding the 
write-protection registers of data EEPROM on the TMS370Cx9x. Applying a 12-V input to the MC pin after the 
RESET input goes high (logic 1) enters the WPO mode. The high voltage on MC during the WPO mode is not 
the programming voltage for the data EEPROM or program EPROM. All EEPROM programming voltages are 
generated on-chip. The WPO mode provides hardware system level capability to modify the content of the data 
EEPROM while the device remains in the application, but only while requiring a 12-V external input on the MC 
pin (normally not available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370Cx9x devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the idle instruction when the PWRDWW/IDLE bit in register SCCR2 has been set to one. 
The HALT/STANDBY bit in SCCR2 controls which low-power mode is entered. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, and timer 1 remain active. System processing is suspended until a 
qualified interrupt (hardware RESET, external interrupt on INT1, or timer 1 interrupt) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370Cx9x is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET or an external interrupt on INT1) is detected. The 
low-power mode selection bits are summarized in Table 9. 


Table 9. Low-Power/Idie Control Bits 


POWER-DOWN CONTROL BITS 


PWRDWN/IDLE | HALT/STANDBY MODE SELECTED 
(SCCR2.6) (SCCR2.7) 


IDLE 


Reva haere Seah ese 
SA aes i SS 


X = don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an IDLE instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI is always generated, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (stack pointer, program counter, and status register), I/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU instruction processing is stopped during the 
STANDBY and HALT modes, the clocking of the watchdog timer is inhibited. 
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clock modules 


The ‘370Cx9x family provides two clock options which are referred to as divide-by-1 (PLL) and divide-by-4 
(standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the manufacturing 
process of a TMS370 microcontroller. The ‘8370CO90A ROM-masked devices offer both options to meet system 
engineering requirements. Only one of the two clock options is allowed on the ROM device while the EPROM 
device ’792 has only the divide-by-4 clock. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a 1-to-1 match of the external resonator frequency (CLKIN) to the internal system clock 
(SYSCLKk) frequency. The divide-by-4 produces a SYSCLK which is one-fourth the frequency of the external 
resonator. Inside the divide-by-1 module, the frequency of the external resonator is multiplied by four. The clock 
module then divides the resulting signal by four to provide the four-phased internal system clock signals. The 
resulting SYSCLK is equal to the resonator frequency. The frequencies are formulated as follows: 


Dividedby:4 Jeotion = S¥scrk = <2 Steal tesanaterWequency: 2 CUKIN 


4 4 
Divide-by-1 option : SYSCLK = —— = CLKIN 


The main advantage of choosing a divide-by-1 oscillator is that EMI is reduced. The harmonics of low-speed 
resonators extend through less of the emissions spectrum than the harmonics of faster resonators. The 
divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a steeper 
decay of emissions produced by the oscillator. 
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system configuration registers 


Table 10 contains system configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in a bold typeface and shaded. 


Table 10. Peripheral File Frame 1: System Configuration Registers 


REG 
| PFAUTO | OSCFLT MC PIN MC PIN uP/C 
AUTOWAIT : MEMORY 


- PRIVILEGE — 


SCCR2 


DISABLE 


INT1 INT1 INT4 INT4 INT1 INT 
FLAG PIN DATA POLARITY | PRIORITY ENABLE 


ee Se en ee ee ee ee 
Te ed ee 
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digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 11 displays the 
specific addresses, registers, and control bits within this peripheral file frame. 


Table 11. Peripheral File Frame 2: Digital Port Control Registers 


BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


REG 


to Reserved 
P02B 


T To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 
Table 12. Port Configuration Register Setup 
abcd 
00yo 
Se ee 8 ee a 


a = Port x control register 1 
b = Port x control register 2 
c = Data 
d = Direction 


timer 1 module 


The programmable timer 1 (T1) module of the TMS370Cx9x provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers, T1 and WD, allow program selection of input clock 
sources (real-time, external event, or pulse-accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The T1 module includes three external device pins that can be used 
for multiple counter functions (operation-mode dependent) or used as general-purpose I/O pins. The T1 module 
block diagram is shown in Figure 6. 
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timer 1 module (continued) 


Select Capt/Comp 


Register 


16-Bit 
Counter 


16-Bit 
8-Bit Register Logic 


Prescaler 


Interrupt 


Logic 
16-Bit g 


WatchdogCounter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins: 
— _T1IC/CR: Timer 1 input capture / counter reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: Timer 1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: Timer 1 event input pin, or general-purpose bidirectional I/O pin 
@ Two operation modes: 
— Dual-compare mode: Provides PWM signal. 
— Capture/compare mode: Provides input capture pin. 
One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either 
capture or compare registers. 


@ One 16-bit watchdog counter can be used as an event counter, a pulse accumulator, or an interval timer 
if watchdog feature is not needed. 


Prescaler/clock sources that determines one of eight clock sources for general-purpose timer 


Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR). 
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timer 1 module (continued) 
@ Interrupts that can be generated on the occurrence of: 
— Acapture 
— Acompare equal 
— Acounter overflow 
— Anexternal edge detection 
@ Sixteen T1 module control registers: Located in the PF frame beginning at address P040. 


Table 13 lists the T1 module control registers. 


Table 13. Timer 1 Module Register Memory Map 


PF REG 
Modes: Capture/Compare and Dual-Compare 
PO40 | Bit 15 T1 Counter MSbyte Bit8 | TICNTR 
P041 | Bit 7 T1 Counter LSbyte Bit 0 
P042 | Bit 15 Compare Register MSbyte Bit8 | TiC 
P043 | Bit 7 Compare Register LSbyte Bit 0 
P044 | Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
P045 | Bit 7 Capture/Compare Register LSbyte Bit O 
PO46 | Bit 15 Watchdog Counter MSbyte Bit 8 | WOCNTR 
P047 | Bit 7 Watchdog Counter LSbyte Bit 0 
P048 | Bit 7 Watchdog Reset Key Bit O | WORST 
posg | WOOVRFL | pur eur | inpur | THINPUT Nraon 
SELECT2T | SELECTiT | SELECToT SELECT2 SELECT1 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 
Mode: Dual-Compare 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY | RST ENA DET ENA 
Mode: Capture/Compare 
Modes: Capture/Compare and Dual-Compare 
DATA IN DATA OUT | FUNCTION | DATADIR DATA IN DATA OUT | FUNCTION | DATADIR 


t Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 
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timer 1 module (continued) 


The T1 capture/compare mode block diagram is illustrated in Figure 7. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 


bit 0, in the T1CTL2 register. 


Captcomp Lae T1C1 
gr ostingy Register MSB OUT ENA Pa T1PC2.7-4 
Source T1CTL4.6 2 <TiPWM> 
i 
TICNTR.15-0 Tin 
LSB 16-Bit 


MSB Counter 


(T1C713}c 


a Reset 
T1 SW 


RESET 
16-Bit LSB 
T1CTL2.0 T1C1 Compare 

RST ENA Register MSB 

as T1 OVRFL INT FLAG 
T1CTL4.4 
T1 OVRFL INT ENA 
T1PC2.3-0 
T1EDGE DET ENA 
<T1I1C/CR> T1IEDGE INT FLAG 


TIEDGE INT ENA 


T1EDGE POLARITY 


Figure 7. Capture/Compare Mode 
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The T1 dual-compare mode block diagram is illustrated in Figure 8. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 
bit 0, in the T1CTL2 register. 


16-Bit jsp] | T1C2INTFLAG 
Capt/Comp 
Biren Register MSB) -/{ T1CTL3.6) Output 
Source LI TICTL31 Enable 
T1C2 INT ENA 


T1CTL4.5 
€ 


(TICNTR.15-0 ) 
2 (T1PC2.7-4) 


LSB 16-Bit TIC2 OUTENA | | 
msp Counter T1C1 INT FLAG TICTL4.6) | & TIPWM 
cee Se TICTL3.5 ko 
— T1C1 OUT ENA 
HA T1C1 T1C.15-0) 4 > Teese TICTLA.3 
RESET RST ENA Ser ne T1C1 INT ENA 
TICTL2.0 TICTL4.4 Compare T1CR OUT ENA 
Register MSB 
O ©) 
0 ~Oo T1 OVREL INT FLAG 
TICTL4.1 


T1iCR 


T1PC2.3-0 RST ENA 


T1CTL2.4 


T1 OVRFL INT ENA 


T1CTL4.0 
T1EDGE DET ENA 


TICTL4.2 
T1EDGE POLARITY T1CTL3.2 


T1EDGE INT ENA 


Figure 8. Dual-Compare Mode 
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The TMS370Cx9x device includes a 24-bit watchdog (WD) timer, contained in the T1 module, which can be 
software programmed as an event counter, pulse accumulator, or interval timer if the WD function is not used. 
The WD function is to monitor software and hardware operation and implement a system reset when the WD 
counter is not serviced properly (WD counter overflow or WD counter is reinitialized by an incorrect value). The 
WD can be configured as one of the three mask options: standard WD, hard WD, or simple counter. 


@ Standard watchdog configuration for EPROM and mask-ROM devices (see Figure 9) 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


— AWDreset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written. 


~— Generates a system reset if an incorrect value is written to the WD reset key or if the counter 
overflows 


— AWD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator, or an interval timer 


WDCNTR.15-0 
16-Bit WD OVRFL TICTL2.6 
Watchdog Counter INT FLAG 
TICTL2.5 O~ O—————_ Interrupt 
Reset WD OVRFL 
a INT ENA 
Clock 
Prescaler T1CTL1.7 TICTLO? 
WD OVRFL 
TAP SEL O~ O——————__ System Reset 
WD OVRFL 
Watchdog Reset Key RST ENA 
WDRST.7-0 


Figure 9. Standard Watchdog 
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timer 1 


module (continued) 


Hard watchdog configuration for mask-ROM device only (see Figure 10) 


Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


A WD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows. 


Automatic activation of the WD timer upon power-up reset 
INT1 is enabled as nonmaskable interrupt during low-power modes 


A WD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a system 
reset. 


WDCNTR.15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter T1CTL2.5 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 
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@ Simple-counter configuration for mask-ROM devices only (see Figure 11) 


— Simple counter can be configured as an event counter, pulse accumulator, or an interval timer. 


WDCNTR. 15-0 
WD OVFL 
dog C (Tier _) 
Watchdog Counter INT FLAG TICTL2.6 
T1CTL2.5 O~ O—————__ Interrupt 
R t WD OVRFL 
wis INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


analog-to-digital converter 3 module 


The analog-to-digital converter 3 module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has fifteen analog input channels — eight of the channels are multiplexed 
with port E — that allow the processor to convert the voltage levels from up to fifteen different sources. The ADC3 
module features include the following: 


@ Minimum conversion time: 32.8 us at 5-MHz SYSCLK 
@ Seventeen external pins: 


— Fifteen analog input channels (ANO—AN14), eight (ANO—AN7) of which can be software configured as 
digital inputs (EO—E7) if not needed as analog channels 


— AN6-—AN7 can also be configured as positive input voltage reference 

—- Vocg: ADC3 module high-voltage reference input 

— Vgs3: ADC3 module low-voltage reference input 

The ADDATA register, which contains the digital result of the last ADC3 conversion 

ADC3 operations can be accomplished through either interrupt driven or polled algorithms 


Six ADC3 module control registers are located in the ADC3 peripheral control register frame beginning at 
address 1070h. 
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The ADC3 module control registers are illustrated in Table 14. 


Table 14. ADC3 Module Control Register Memory Map 


PF| BIT7 BIT 6 BIT 5 BIT 3 BIT 2 BIT 1 BIT 0 REG 
P070 CONVERT | SAMPLE |} REF VOLT | REF VOLT | ADINPUT | ADINPUT | ADINPUT | AD INPUT ADCTL 
START START SELECT1 SELECTO | SELECT3 | SELECT2 | SELECTi | SELECTO 
AD INT AD INT 
P072 A/D Conversion Data Register ADDATA 
P073 
to Reserved 
PO07C 
P07D Port E Data Input Register ADIN 
PO7E Port E Input Enable Register ADENA 
on oes | > |... AD RATE | AD RATE 
a PRE 
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The A/D module block diagram is illustrated in Figure 12. 


Port E | t PTE Sr AES. 
ake | Port E Data | 


AN 0 


l | 
ADENA.O a; ADIN.O ) SAMPLE CONVERT 


| 
AN? ees ede Dek) + eet eee 
Port E input 4 


Port E Data 
ENA 1 | AD INPUT SELECT 


| 

ANI | 

ae 
=) 
@ 
e 


AD RATE 
SELECTS 


Port E Input 


ENA5 Port E Data 


| 
| 
| 
| 
| 
| 
| AN5 


| 


Port E Data 
ENA 6 AN6 


C) 
Port E Input | 
| 
ADENA.6 | 


ADDATA.7-—0 


A-to-D 


, 


Port E Input | 
ENA 7 | Port E Data 


AN7 


ADENA.7 oO ADIN.7 


Sa ee 


Conversion 
Data Register 


AD READY 


ADSTAT.2 


eee 


AD INT FLAG 


AD INT ENA 


ge BE 


Figure 12. ADC3 Block Diagram 
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analog-to-digital converter 3 module (continued) 


Table 15. ADC3 Peripheral Control Register (ADCTL) 


Bit # 

P070 CONVERT SAMPLE REF VOLT REF VOLT AD INPUT AD INPUT AD INPUT AD INPUT 
START START SELECT1 SELECTO SELECTS SELECT2 SELECT1 SELECTO 
RW-0 RW-0O RW-O RW-O RW-O0O RW-O0O RW-—0O RW—0O 


R = read, W = write, —n = value of the bit after the register is reset 
BIT 0-3 AD INPUT SELECT 0-3 (Analog Input Channel Select Bits 0-3) 


These bits select the channel used for conversion. Channels should be changed only after the 
ADC3 has cleared the SAMPLE START and CONVERT START bits. Changing the channel while 
either SAMPLE START or CONVERT START is 1 invalidates the conversion in progress. 


AD INPUT AD INPUT AD INPUT AD INPUT AD INPUT 
SELECT 3 SELECT 2 SELECT 1 SELECT 0 CHANNEL 


thins ab ak oh oh ek HO.O OO OS 

“=-{=90000=+==42=90000 
Oooo 34600-8300 —'46 
oO =95 4 C6 alo'4 O30 = 


BIT 4—5 REF VOLT SELECT 4—5 (Reference Voltage (+Vper) Select Bits 4—5) 


These bits select the channel the ADC3 uses for the positive voltage reference. These bits must 
not change during the entire conversion. 


REF VOLT REF VOLT +VREF 
SELECT 1 SELECT 0 SOURCE 


Vcoc3 
ANG 


AN7 


BIT 6 SAMPLE START (Sample Start) 


Setting this bit stops any ongoing conversion and starts sampling the selected input channel to 
begin anew conversion. This bit is cleared by the ADC3. Entering HALT or STANDBY mode clears 
this bit and aborts any sampling in progress. 


BIT 7 CONVERT START (Conversion Start) 


Setting this bit starts the conversion. This bit is cleared by the ADC3. Entering HALT or STANDBY 
mode clears this bit and aborts any conversion in progress. 
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analog-to-digital converter 3 module (continued) 


Table 16. ADC3 Peripheral Control Register (ADSTAT) 


Bit # 7 6 5 4 3 2 1 0 
PO71 AD AD INT AD INT 
READY FLAG ENA 
R-0O RC-0 RW-0O 


R = read, W = write, C = clear only, —n = value of the bit after the register is reset 
BIT O AD INT ENA (ADCS Interrupt Enable) 


This bit controls the ADC3 module’s ability to generate an interrupt. 
0 = Disable ADCS interrupt. 
1 = Enable ADCS interrupt. 


BIT 1 AD INT FLAG (ADC3 Interrupt Flag) 


The ADC3 module sets this bit at the end of an A/D conversion. If this bit is set while the AD INT 
ENA bit is set, an interrupt request is generated. Clearing this flag clears pending ADC3 interrupt 
requests. This bit is cleared by the system reset or by entering HALT or STANDBY mode. Software 
cannot set this bit. 


BIT 2 AD READY (ADCS Converter Ready) 


The ADCS3 module sets this bit whenever a conversion is not in progress and the ADC3 is ready 
for a new conversion to start. Writing to this bit has no effect on its state. 

O = Conversion in process. 

1 Converter ready. 


BIT 3-7 Reserved (Read data is indeterminate) 


Table 17. ADC3 Conversion Data Register (DATA) 


Bit # t 6 5 4 3 2 1 0 
P072 DATA 7 DATA 6 DATA 5 DATA 4 DATA 3 DATA 2 DATA 1 DATA 0 
R-0O R-0O R-O R-O R-0O R-0O R-O R-0O 


R = read, —n = value of the bit after the register is reset 


The analog-to-digital conversion data is loaded into this register at the end of a conversion and remains until 
replaced by another conversion 


fe 


Table 18. ANO—AN7 Data Input Register (ADIN) 


Bit # 
PORT E PORT E PORT E PORT E PORT E PORTE PORT E PORT E 
P07D DATA IN DATA IN DATA IN DATA IN DATA IN DATA IN DATA IN DATA IN 
AN7 AN6 AN5 AN4 AN3 AN2 AN1 ANO 


R = read, —n = value of the bit after the register is reset 
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analog-to-digital converter 3 module (continued) 


The ADIN register shows the data present at the pins configured for general-purpose input instead of ADC3 
channels. A bit is configured as general-purpose input if the corresponding bit of the port-enable register 
is a 1. Pins configured as ADC3 channels are read as 0’s. Writing to this address has no effect. 


Table 19. ANO—AN7 Input-Enable Register (ADENA) 


Bit # 
ENA 7 ENA 6 ENA 5 ENA 4 ENA 3 ENA 2 ENA 1 ENA 0 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
R = read, —n = value of the bit after the register is reset 
The ADENA register individually configures the pins ANO—AN7 as either analog input channels 
or as general-purpose input pins 
0 = The pin becomes an analog-input channel for the ADC3. When the bit is 0, the 
corresponding bit in the ADIN register reads a 0. 
1 = Enables the pin as a general-purpose input pin and its digital value can be read from the 
corresponding bit in the ADIN register. 
Table 20. Analog Interrupt Priority/Conversion Rate Register (ADPRI) 
Bit # 
STEST PRIORITY ESPEN SELECT1 SELECTO 
RP-0O RP-O RP-0 RW-0 RW-0 


R = read, W = write, P = privileged write, —n = value of the bit after the register is reset 
BIT 0-1 AD RATE SELECT 0-1 (ADC3 Conversion Rate Select Bits 0-1) 


These bits determine the conversion rate of the ADC3 as a function of the system-clock frequency. Note that 
only the default selection (0,0) provides full XTAL2/CLKIN frequency range together with 8-bit precision. Other 
selections allow maintaining minimum conversion time at lower system-clock rates. 


AD RATE AD RATE CONVERSION TIME MAXIMUM SYSCLK 
SELECT 1 SELECT 0 (NUMBER OF SYSTEM CLOCK CYCLES) FREQUENCY 
164 5 MHz 2 SYSCLK > 2.5 MHz 


2.5 MHz 2 SYSCLK > 1.25 MHz 
1.25 MHz 2 SYSCLK > 0.625 MHz 


0.625 MHz 2 SYSCLK 2 0.5 MHz 


NOTE: If selections different from (0,0) are used at XTAL2/CLKIN frequencies higher than specified in this table, the 
8-bit precision of the ADC3 is not assured. 


BIT 2-4 RESERVED (Read data is indeterminate) 


vy TEXAS 
INSTRUMENTS 


14-32 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370Cx9x 
8-BIT MICROCONTROLLER 


SPNS036A — JANUARY 1996 — REVISED MARCH 1996 


analog-to-digital converter 3 module (continued) 


BIT 5 


BIT 6 


BIT 7 


AD ESPEN (Emulator Suspend Enable) 


Normally this bit has no effect. However, when using the XDS emulator to debug a program, this 
bit determines what happens to the ADC3 when the program is suspended by an action such as 
a hardware or software breakpoint. 


0 = When the emulator is suspended, the ADC3 continues to run until the conversion is 
complete. 


1 = When the emulator is suspended, the ADCS is frozen so that its state can be examined at 
the point that the emulator was suspended. The conversion data is indeterminate upon 
restart. 


AD PRIORITY (ADCS interrupt priority select) 
This bit selects the priority level of the ADC3 interrupt. 


0 = ADCS Interrupt is a higher priority (level 1) request. 
1 = ADC3 Interrupt is a lower priority (level 2) request. 


AD STEST (This bit must be cleared to ensure proper operation) 


instruction set overview 


Table 21 provides an opcode-to-instruction cross-reference of all 73 instructions and 274 opcodes of the 
‘370Cx9x instruction set. The numbers at the top of this table represent the most significant nibble (MSN) of the 
opcode while the numbers at the left side of the table represent the least significant nibble (LSN). The instruction 
of these two opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 21. TMS370 Family Opcode/Instruction Mapt 


#ra 
2/7 


qe [ 
Sss| $s5] Sa Sa 


Ss 


Rs,Rd,ra 
4/11 


Rs 


BTJZ 
Rs.,A,ra Rs,Rd,ra 
3/9 4/11 


» 


aq 
Sse] Sse 


#n,Rd,ra #n,Pd,ra 
4/10 4/11 


BTJZ 
#n,Pd,ra 
4/11 


MOVW 
#16[B],Rpd 
4/15 


MOV 
*lab[B],A 
3/12 


MOV 
A,*lab[B} 
3/12 


XCHB A/ 
TSTB 
1/10 


1 
1/14 


TRAP 
9 
1/14 


TRAP 
8 
1/14 


TRAP 
7 
1/14 


TRAP 
6 
1/14 


TRAP 
5 
1/14 


TRAP 
4 
1/14 


F 
LDST 
n 
2/6 
MOV 
#ra[SP],A - 
2/7 


MOV 
A,*ra[SP] 
2/7 


CMP 
*n[SP],A 


T All conditional jumps (opcodes 01-—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 
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Table 21. TMS370 Family Opcode/Instruction Mapt (Continued) 


0 1 2 3 4 5 6 


Legend: 

* = _ Indirect addressing operand prefix 
& = Direct addressing operand prefix 
# = immediate operand 

#16 = immediate 16-bit number 

lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address 

Rd = Register containing destination type 

Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 

Rs = Register containing source byte 


T All conditional jumps (opcodes 01-O0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


ZA 


BR 
lab 
3/9 


CMP 
& lab,A 
3/11 


CALL 
lab 
3/13 


CALLR 
lab 
3/15 


BR 
*Rp 


B 
RR 
A 
2/8 1/8 
CMP ’ CMP RRC 
*Rp,A *lab[B],A A 
2/10 3/13 1/8 
CALL CALL RL 
*Rp *lab[B] A 
2/12 3/15 1/8 
CALLR CALLR RLC 
“Rp *lab[B] A 
2/14 3/17 1/8 


Second byte of two-byte instructions (F4xx): 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


MOV 
*n[Rn],A 
4/17 


MOV 
A,*n[Rn] 
4/16 


CMP 
*n{Rn],A 
4/18 
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The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator (XDS22), CDT, and an EEPROM/UVEPROM programmer. 


@ Assembler/linker (Part No. TMDS3740850—02 for PC) 
— Includes extensive macro capability 
— Provides high-speed operation 
— Provides format conversion utilities for popular formats 


@ ANSI C compiler (Part No. TMDS3740855-02 for PC, Part No. TMDS3740555-09 for HP700™, Sun-3™, 
or Sun-4™) 


— Generates assembly code for the TMS370 that can be easily inspected 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct referencing of the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
® CDT370 (compact development tool) PACT real-time in-circuit emulation 
— Base (Part Number EDSCDT37P — for PC, requires cable) 
— Cable for 40-pin SDIP (Part No. EDSTRG40SDILO5) 
— Cable for 44-pin PLCC (Part No. EDSTRG44PLCC05) 
— Includes EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Uploads/downloads program and data memory 
— Executes programs and software routines 
— Includes 1024-sample trace buffer 
— Includes single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
@ Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 44-pin PLCC and 40-pin SDIP (Part No. TMDS3780513A) 


— Includes PC-based, window/function-key oriented user interface for ease of use and rapid learning 
environment 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 
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Figure 13 illustrates the numbering and symbol nomenclature for the TMS370Cx9x family. 


TMS 370 C 0 9 O A FNL 


Prefix: TMS 
Raa : 
coe Se ee Gao 


Family: 370 


ee Technology: C= 
F Program Memory Types: 0 =z 
7 = 

Device Type: 9 = 

Memory Size: 0 = 

2= 

Temperature Ranges: A= 

L= 

| 2 

Packages: FN = 

FZ = 

N = 

JD = 

ROM and EPROM Option: A= 

None = 


Standard prefix for fully qualified devices 
System evaluator (window EPROM) that is used for 


prototyping purpose 
TMS370 8-Bit Microcontroller Family 


CMOS 


Mask ROM 
EPROM 


*x9x devices containing the following modules: 
— Timer 1 
— Analog-to-Digital Converter 3 (ADC3) 


4K bytes 
8K bytes 


-40°Cto 85°C 
O°Cto 70°C 
-—40°C to 105°C 
Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 
Plastic Dual-in-Line 
Ceramic Dual-in-Line 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 

- A standard watchdog 

— A hard watchdog 

— A simple watchdog 

The clock can be either: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power mode can be either: 

— Enabled 

— Disabled 

For EPROM device, standard watchdog, divide-by-4 
clock, and low-power modes are enabled 


Figure 13. TMS370Cx9x Family Nomenclature 
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device part numbers 


Table 22 provides all the TMS370Cx9x devices available. The device part-number nomenclature is designed 
to assist ordering. Upon ordering, the customer must specify not only the device part number, but also the clock 
and watchdog-timer options desired. Each device can only have one of the three possible watchdog-timer 
options and one of the two clock options. The options to be specified pertain solely to orders involving ROM 


devices. 


14-38 


Table 22. Device Part Numbers 


DEVICE PART NUMBERS DEVICE PART NUMBERS 
FOR 44 PINS (LCC) FOR 40 PINS (SDIP) 
TMS370CO90AFNA TMS370CO90ANJAt 


TMS370CO90AFNL TMS370CO90ANJLF 
TMS370CO90AFNT TMS370COS0ANJT+ 


TMS370C792FNT TMS370C792NUT+ 
SE370C792FzTt SE370C792UCTT 


Tt System evaluators are for use only in prototype environment, and their 
reliability has not been characterized. 

+The NJ designator for the 40-pin plastic shrink DIP package was formerly 
known as N2. The mechanical drawing of the NJ is identical to the N2 
package and did not need to be requailified. 
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new code release form 


Figure 14 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using T! standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: # 

No: (Std. spec to be followed) 
“If Yes: Customer must provide "print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled {] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 
: ; Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 
: Se. ahi “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
BO Fs , options. See the TMS370 Family User’s Guide (literature number SPNU127) 
or the 7MS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
Hg oe 0° to 70°C (standard) [] 'N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[]’A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
Bate —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization 1) YES [] NO 
{] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
Ti spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this Tl custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 14. Sample New Code Release Form 
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Table 23. Peripheral File Frame Compilation 


Table 23 is a collection of all the peripheral file frames using the ’Cx9x (provided for a quick reference). 


COLD OSC FLT MC PIN MC PIN uP/uCc 
FLAG WPO DATA MODE 


REG 


START SCCRO 


ee 
ae ey ngnigy BUS 
ae STEST Patek 


Reserved 


INT1 INT1 INT4 INT14 INT1 
FLAG PIN DATA POLARITY PRIORITY ENABLE 


Reserved 


Cdl aes ek a en Ss Ge 


Reserved 


Reserved 


SCCR1 


SCCR2 


INT1 


DEECTL 


EPCTL 


APORT1 
APORT2 
ADATA 
ADIR 


Reserved 
Port A Control Register 2 (must be 0) 
Port A Data 
Port A Direction 


Reserved 


DPORT1 
DPORT2 
DDATA 
DDIR 


Port D Control Register 1 (must be 0) 
Port D Control Register 2t (must be 0) 
Port D Data 
Port D Direction 


. 


Modes: Capture/Compare and Dual-Compare 
Bit 15 T1 Counter MSbyte Bit8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit 0 
Bit 15 Compare Register MSbyte Bit8 | TiC 
Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit8 |} T1CC 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Watchdog Counter MSbyte Bit8 | WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit O 


Bit 7 Watchdog Reset Key BitO | WORST 


t To configure pin D3 as SYSCLK, set port D control register 2 = O8h. 
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PF 


P049 


PO4A 


P04B 


PO4C 


P04B 


P04C 


P04D 


PO4E 


PO4F 


P070 


PO71 


P072 


P073 
to 
PO7C 


P07D 
PO7E 


PO7F AD STEST 
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Table 23. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 


WD OVRFL 


TAP SELt Ree cen eee eet 


SELECT2t SELECTIT SELECTOot SELECT2 


eect eee T1CTL1 
SELECT1 


WD OVRFL | WD OVRFL | WDOVRFL | T1 OVRFL T1 OVRFL T1 SW TICTL2 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 


Mode: Dual-Compare 


T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 TICTL3 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 

T1 T1C1 T1C2 T1C1 T1iCR T1EDGE TiCR T1EDGE TICTL4 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 


Mode: Capture/Compare 


T1EDGE T1C1 T1EDGE T1C1 TICTL3 
INT FLAG INT FLAG INT ENA INT ENA 

T1C1 T1C1 T1EDGE T1EDGE TICTL4 
Gee =1 OUT ENA RST ENA POLARITY DET ENA 


Modes: Capture/Compare and Dual-Compare 


TIEVT TIEVT TIEVT T1EVT DATA T1PCt 
DATA IN DATA OUT | FUNCTION DIR 
TIPWM T1PWM TIPWM TIPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR DATA T1PC2 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DIR 
T1 
CONVERT SAMPLE REF VOLT REF VOLT AD INPUT AD INPUT AD INPUT | AD INPUT SE- ADCTL 
START START SELECT1 SELECTO SELECTS SELECT2 SELECT1 LECTO 
AD INT 


A-to-D Conversion Data Register ADDATA 


Port E Data Input Register ADIN 
Port E Input Enable Register ADENA 


AD RATE AD RATE 
eee SELECT1 sececto | ADPRI 


t Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to the simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 


bits are ignored. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


DON VOREGG TANGO VerriGGe OID 1) ee sib aca s3 cas eRe VA aber ocean ee keu es oe nadie .. -0.6Vto7V 
Input Volaoe fangs, Al pine Gxcont MG}. os. oie ks cea ee asscsceabdcacewebeeenesas -—0.6Vto7V 
FID i dacs uh s ePinsee Meee CLs » a UE ca ease nee Meee -0.6 V to 14 V 

Input clamp current, liq (Vj <O OF Vi>VOC) - cece reece eee teen eee e eee eee teen tees +20 mA 
PRIEIL ucarr ee CoA Uh Wenn er OE Wer Wann wniab ene gb in cdinia ae Man bale ain ciathua, bap bipuapinssn +20 mA 
Continuous output current per buffer, Io (Vo =O tO VoC)F «1. cece cece eee eee teen eee +10 mA 
eT Seemed = ene aa Sea eae een Mean See OSC ae SN ta Nearer menue BAS Ee 170 mA 
NNN hoa na Skin olncavdchin iasih-4:buKA->-m. dc) a sila gia gn ok, aed oak aces AR —- 170 mA 
ee ee Saas ANS. Nd sno dine ws hin old eatee vin Shwe 9 Od oS bor end btn ane Cas 6 Fa te ee ee ca 1W 
Operating free-air temperature range, Ta. L Version .......... cece cece eee eee e eee eens 0°C to 70°C 
MIME Fle fo Pale a FE w peg Wane bw AE Ree Ha — 40°C to 85°C 

ch BS SEER BR SAR AAC Eire — 40°C to 105°C 

Storage temperature range, Teg ..--...- see e cece reece cnet cent eee een en eee ee eens —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

+ Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in any buffer 
can affect the levels on other buffers. 

NOTE 1: Unless otherwise noted, all voltage values are with respect to Vss. 


recommended operating conditions 


y Supply voltage (see Note 1) 
CC RAM data-retention supply voltage (see Note 2) 
Vcoc3 Analog supply voltage (see Note 1) 


Vss3 Analog supply ground 


< 
” 
” 


ad 
os) 


All pins except MC 
VIL Low-level input voltage 


° 
wo 


MC, normal operation 


All pins except MC, XTAL2/CLKIN, and 
RESET 


XTAL2/CLKIN 

RESET 

EEPROM write protect override (WPO) 
Vac MC (mode control) voltage EPROM programming voltage (Vpp) 


VIH High-level input voltage 


© 
w 
< 


Microcomputer 


: 
™~ 
oO 


L version 


fo) 
on 
Oo 


TA Operating free-air temperature A version 


T version 


NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vss. 
2. RESET must be externally activated when Vcc or SYSCLK is out of the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
VOL Low-level output voltage lot = 1.4 mA BR ea iy} oe a. 


iH = 50 
VOH High-level output voltage 2 an ce V 
IOH =-2mA 2.4 


OV<V)<0.3V 
0.3V<V)<13V 
12V<Vjs13V See Note 3 


1/O pins OVsVi<VcoC 
IOL Low-level output current VoL = 0.4 V 


VOH = 0.9 V 
lOH High-level output current OH CC 
VOH = 2.4 V 


SYSCLK = 5 MHz See Notes 4 and 5 
SYSCLK = 3 MHz See Notes 4 and 5 
SYSCLK = 0.5 MHz See Notes 4 and 5 
SYSCLK = 5 MHz See Notes 4 and 5 
SYSCLK = 3 MHz See Notes 4 and 5 
SYSCLK = 0.5 MHz See Notes 4 and 5 


Supply current (STANDBY mode) SYSCLK=3MHz___ See Notes 4 and 5 g 
: m 

OSC POWER bit = 1 (see Note 8) SYSCLK=0.5MHz SeeNotes4and5 | = 2 3) 
Supply current (HALT mode) XTAL2/CLKIN <0.2V See Note 4 Raa pa 8 


NOTES: 3. Input current lpp is a maximum of 50 mA only when programming EPROM. 

4. In single chip mode, ports are configured as inputs or outputs with no load. All inputs < 0.2 V or > Vcc — 0.2V. 

5. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. At5-MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

6. Maximum operating current for TMS370Cx9x = 7.6 (SYSCLK) + 7 mA. 

7. Maximum standby current for TMS370Cx9x = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 

8. Maximum standby current for TMS370Cx9x = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit =1, only valid up to 3-MHz SYSCLK). 


MC 


Input current 


Lee: 


ake 
- 
I+ 
ie 
oO 


Supply current (operating mode) 
OSC POWER bit = 0 (see Note 6) 


_— 
oO 

—_~ i 
ed 


loc Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 7) 


co 
_ 
a 
3 
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PARAMETER MEASUREMENT INFORMATION 


XTAL2/CLKIN XTAL2/CLKIN 


C3 
ae (see Note B) 


i 


C1 Crystal/Ceramic C2 
(see Note B) aa Resonator me (see Note B) External 
‘i (see Note A) _ Clock Signal 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 
B. The values of C1 and C2 are typically 15 pF and C3 is typically 50 pF. See the manufacturer’s recommendations for ceramic 
resonators. 


Figure 15. Recommended Crystal/Clock Connections 


Load Voltage 
1.2 kQ 


Vo 
20 pF 


gk 


Case 1: Vo = VOoH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = Voi = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 16. Typical Output Load Circuit (see Note A) 


Vcc 


Pin Data 


Output 
Enable 


Figure 17. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


Address IE 
Array PGM 
Byte R 
XTAL2/CLKIN SC 
Data W 
EDS WT 
Final 


Lowercase subscripts and their meanings are: 


C 
d 
f 


h 


The following additional letters are used with these meanings: 


H 
is 
V 
Z 


cycle time (period) r 
delay time su 
fall time V 
hold time Ww 


High 
Low 
Valid 
High impedance 


Initial 
Program 
Read 
SYSCLK 
Write 
WAIT 


rise time 

setup time 

valid time 

pulse duration (width) 


All timings are measured between high and low measurement points as indicated in Figure 18 and Figure 19. 


re —— — 0.8 Vcc V (High) a ee ae 2 V (High) 
See ee 0.8 V (Low) — —— 0.8 V (Low) 


Figure 18. XTAL2/CLKIN Measurement Points 


Figure 19. General Measurement Points 
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external clocking requirements for clock divided by 4T (see Figure 20) 


twi(Cl Pulse duration, XTAL2/CLKIN (see Note 9) cae ieee 

tr(Cl Rise time, XTAL2/CLKIN 

(CI Fall time, XTAL2/CLKIN 
5 5 


td(CIH-SCL) Delay time, XTAL2/CLKIN rise to SYSCLK fall 


CLKIN Crystal operating frequency 
SYSCLK System clock+ 


T For Vit and Vp, refer to recommended operating conditions. 

+ SYSCLK = CLKIN/4 

NOTE 9: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<1 


XTAL2/CLKIN 7 Ge ee ea 
| | 


| 
+ 2 
| 


ae 
—_ 


l\+—_> 4 


SYSCLK / * 


Figure 20. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL)t (see Figure 21) 


twiCl Pulse duration, XTAL2/CLKIN (see Note 9) 


triCl Rise time, XTAL2/CLKIN 


ee ae 
? 
a(CinSGH) Delay time, XTALZ/OLKIN soto SYSOLK rise SSCSCSC~C~wYSC~C«*O 
CLKIN Crystal operating frequency 


T For Vii and Vjp, refer to recommended operating conditions. 

§ SYSCLK = CLKIN/1 

NOTE 9: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<—1—> 


XTAL2/CLKIN Ce ee aS ee ee 
| | 


| 

ol ie 2 Eat | 

+> le 3 | 
l+—> 4 


SYSCLK Oey Gee Cae ae ee ss 


Figure 21. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirementst 


Divide-by-4 200 2000 

tc Cycle time, SYSCLK — 4 ree 
Divide-by-1 (PLL) 200 500} ns | 

| 6 |tw(SCL) Pulse duration, SYSCLK low 0.5te — 20 O.5tc | ns | 

tw(SCH) Pulse duration, SYSCLK high O5te 0.5te+20] ns | 


T tg = system-clock cycle time = 1/SYSCLK 


big Se eee eee ¢+—_ 7» 


ee ee 
SYSCLK 


Figure 22. Switching Characteristics 


general purpose output signal switching time requirements 


Twin NOM MAX UNIT 
Sot eee 
ae ee eee 


> « tf 


Figure 23. Signal Switching Timing 


recommended EEPROM timing requirements for programming 


Se Sa etait a RE. A ae Semmmemeee SE 
tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) 


tw(PGM)AR 


Pulse duration, programming signal to ensure valid data is stored (array mode) 
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recommended EPROM operating conditions for programming 


Supply voltage 
Supply voltage at MC pin 


Supply current at MC pin during programming (Vpp = 13 V) 


SYSCLK System clock 


recommended EPROM timing requirements for programming 


ered ees eis Ek eae ae Ries ce Ee 
tw(EPGM Pulse duration, programming signal (see Note 10) 0.40 0.50 3 ane | 


NOTE 10: Programming pulse is active when both EXE (EPCTL.O) and Vpps (EPCTL.6) are set. 
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analog-to-digital converter 3 


The ADC3 has a separate power bus for its analog circuitry. These pins are referred to as Voc3 and Vss3. The 
purpose is to enhance ADC3 performance by preventing digital switching noise of the logic circuitry that can 
be present on Vss and Vcc from coupling into the ADC3 analog stage. All ADC3 specifications are given with 
respect to Vss3 unless otherwise noted. 


PROC soe ts tain BE ahi EE Bae ae eS Ea CIES RR os aR ae epee 8-bits (256 values) 
BIEN ca egies bn VC HO Sa ee Rw eine eg ais a ee ears Ek Us EO ase 0 ae Ena ee Ee Yes 
OUmBUl CONVEFSION: MOGO =. oa os ce seies a cease ea es OOh to FFh (00 for V; < Vssa <; FF for Vj < Vres) 
Conversion te (6xcluding sample 16m) 6 oe oc oc ic ce hae edad a bbw Cet ete Eos Te 164 t. 


recommended operating conditions 


Voc3 Analog supply voltage 


Vss3 Analog ground Vss3-0.3 Vss3t0.3 V 
Vref  Non-Vocs referencet 2.5 Vec3 Vcoc3+0.1 
Analog input for conversion Vss3 Vref 


t Vref must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time. 


operating characteristics over recommended ranges operating conditions 


Raed SRA a 


SYSCLK < 3 MHz 


Zret__ Source impedance of Vref 3 MHz < SYSCLK <5 MHz kQ 


T Absolute resolution = 20 mV. At Vret = 5 V, this is one LSB. As Vref decreases, LSB size decreases; therefore, the absolute accuracy and 
differential/integral linearity errors in terms of LSBs increase. 
+ Excluding quantization error of 1/2 LSB 
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analog-to-digital converter 3 (continued) 


The ADC3 module allows complete freedom in design of the sources for the analog inputs. The period of the 
sample time is user-defined so that the high-impedance sources can be accommodated without penalty to the 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC3 control register 
(ADCTL.6) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START, 
ADCTL.7) is set to 1. After a hold time, the converter will reset the SAMPLE START and CONVERT START bits, 
signaling that a conversion has started and that the analog signal can be removed. 


analog timing requirementst 


TN = 16, 8, 4, or 2 upon selected conversion rate. 
+ The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum sampling time of Tps. 


er ARO in Stable By 
| | 


| 


<< se as ee sre oe < tsu(S) . 

Sample Time ! / \ | / 
! | | 
<— ts) —> | 


| | 
Convert Time SR Ee 8 2 MRR i. si 


, | 
| 
$$$ tc) —___________» 


Figure 24. Analog Timing 
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Table 24 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 24. TMS370Cx9x Family Package Type and Mechanical Cross-Reference 


(niipin spacing) | __ T5970 GENERIC NAME MECHANICAL NAME DEVICE PART NUMBERS 


TMS370CO90AFNA 
FN — 44 pin PLASTIC LEADED CHIP CARRIER _| FN(S-PQCC-J**) PLASTIC J-LEADED TMS370CO90AFNL 
(50-mil pin spacing) | (PLCC) CHIP CARRIER TMS370CO90AFNT 

TMS370C792FNT 


FZ — 44 pin CERAMIC LEADED CHIP CARRIER | FZ(S-CQCC-J**) J-LEADED CERAMIC 
(50-mil pin spacing) | (CLCC) CHIP CARRIER SE3700792F ZT 


JC — 40 pin CERAMIC SHRINK DUAL-IN-LINE JC(R-CDIP-T40) CERAMIC SIDE-BRAZE SE370C792JCT 
(70-mil pin spacing) PACKAGE (CSDIP) DUAL-IN-LINE PACKAGE 


TMS370CO90ANJA 
NJ — 40 pin PLASTIC SHRINK DUAL-IN-LINE Nu(R-PDIP-T**) PLASTIC SHRINK TMS370CO90ANJL 
(70-mil pin spacing)t | PACKAGE (PSDIP) DUAL-IN-LINE PACKAGE TMS370CO90ANJT 

TMS370C792NJT 


T NJ formerly known as N2; the mechanical drawing of the NJ is identical to the N2 package and did not need to be requalified. 
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@ CMOS/EEPROM/EPROM Technologies on N PACKAGE 
a Single Device (TOP VIEW) 
— Mask-ROM Devices for High-Volume 
Production Boll 4 401] B41 
— EPROM Devices for Prototyping T2AEVTI| 39 1] BO 
Purposes (TMS370C758 and SE370C758) T2AIC2/PWeII 3 38 1] SCITXD 


@ Internal System Memory Configurations T2AIC1/CRI 37 1] SCIRXD 
- On-Chip ROM: 24K Bytes RESET | 36 |] SCICLK 
-— Static RAM: 512 Bytes INT1[} 6 351]D5 

@ Flexible Operating Features INT2[] 341] MC 


— Low-Power Modes: STANDBY and HALT 
—- Commercial, Industrial, and Automotive 
Temperature Ranges 
-— Clock Options 
— Divide-by-4 (0.5 to 5 MHz SYSCLK) 
— Divide-by-1 (2 to 5 MHz SYSCLK) PLL 
— Supply Voltage (Vcc) 5 V +10% 
@ Two 16-Bit General-Purpose Timers 
— Software Configurable as 
Two 16-Bit Event Counters, or 
Two 16-Bit Pulse Accumulators, or 
Three 16-Bit Input Capture Functions, or 
Four Compare Registers, or 
Two Self-Contained 
Pulse-Width-Modulation (PWM) 


33 || XTAL2/CLKIN 

Voc 9 32 |] XTAL1 
A7|}10 311/T1IC/CR 
Aol} 11. =301]/T1PWM 
Veg 12 29[] T1EVT 
A5|113 2811Co 

A4(} 14 27[]|B7 
A3l}15 261]Be 
A2l}i6 =. 25 1] B5 
Aill17 241] B4 
Aolli8 231]/B3 
D719 22I1/pe 
p4al}20 211/p3 


Functions 
@ On-Chip 24-Bit Watchdog Timer @ TMS370 Series Compatibility 
— Mask-ROM Devices: Hard Watchdog, — Register-to-Register Architecture 
Simple Counter, or Standard Watchdog — 256 General-Purpose Registers 
@ Flexible Interrupt Handling — 14 Powerful Addressing Modes 
— Two S/W Programmable Interrupt Levels — Instructions Upwardly Compatible With 
— Global-and Individual-Interrupt Masking All TMS370 Devices 
— Programmable Rising or Falling Edge @ CMOS/TTL Compatible I/O Pins/Packages 
Detect — All Peripheral Function Pins Software 
- Individual Interrupt Vectors Configurable for Digital 1/O 
@ Serial Communications Interface 1 (SCI1) — 33 Bidirectional Pins, One Input Pin 
— Asynchronous Mode: 156 Kbps — 40-Pin Plastic Dual-In-Line Packages 
Maximum at 5 MHz SYSCLK @ Workstation/Personal Computer-Based 
— Isosynchronoust Mode: 25 Mbps Development System 
Maximum at 5 MHz SYSCLK — C Compiler and C Source Debugger 
— Full Duplex, Double-Buffered Receiver — Real-time In-Circuit Emulation 
(RX) and Transmitter (TX) — Extensive Breakpoint/Trace Capability 
— Two Multiprocessor Communication — Multi-Window User Interface 
Formats — Microcontroller Programmer 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


Tt Isosynchronous = Isochronous 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments j 
standard warranty. Production processing does not necessarily include TEXAS 
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Pin Descriptions 
40 PINS 
PDIP TYPET DESCRIPTION 


Port A is a general-purpose bidirectional |/O port. 


External interrupt (non-maskable or maskable)/ general-purpose input pin. 
External maskable interrupt input/general-purpose bidirectional pin. 
External maskable interrupt input/general-purpose bidirectional pin. 


T1IC/CR 
TIPWM 
TIEVT 


SCITXD SCI transmit data output pin, general-purpose bidirectional pin (see Note 1). 
SCIRXD SCI receive data input pin/ general-purpose bidirectional pin. 
SCICLK SCI bidirectional serial clock pin/ general-purpose bidirectional pin. 


Timer1 input capture/counter reset input pin / general-purpose bidirectional pin. 
Timer1 PWM output pin/general-purpose bidirectional pin. 
Timer1 external event input pin/ general-purpose bidirectional pin. 


System reset bidirectional pin; as input pin, RESET initializes the microcontroller; as open-drain output, 
RESET indicates that an internal failure was detected by watchdog or oscillator fault circuit. 


T2AIC1/CR 
T2AIC2/PWM 
T2AEVT 


Timer2A input capture 1/counter reset input pin/general-purpose bidirectional pin. 
Timer2A input capture 2/PWM output pin/general-purpose bidirectional pin. 
Timer2A external event input pin/general-purpose bidirectional pin. 


Mode control input pin; enables EEPROM write protection override (WPO) mode, also EPROM Vpp. 


XTAL2/CLKIN Internal oscillator crystal input/ External clock source input. 
XTAL1 Internal oscillator output for crystal. 


Positive supply voltage 
+; = = — O = output 


NOTE 1: The three SCI configuration pins are referred to as SCI1. 
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functional block diagram 


INT? INT2 INT3 XTAL1 XTAL2/ MC RESET 
CLKIN 


Clock Options: 
Divide-by-4 or | System Control 
Divide-by-1(PLL) 


Serial FI SCIRXD 

Communications y SCITXD 

- Interface 1 > SCICLK 

RAM 3 T2AIC1/CR 
512 Bytes Timer 2A % T2AEVT 
a T2AIC2/PWM 
Program Memory z T1IC/CR 
24K-Byte ROM Timer 1 F TIEVT 

TIPWM 


Watchdog 


description 


The TMS370C3A7 device is a member of the TMS370 family of single-chip 8-bit microcontrollers. Unless 
otherwise noted, the term TMS370CxAx refers to this device. The TMS370 family provides cost-effective, 
real-time system control through integration of advanced peripheral function modules and various on-chip 
memory configurations. 


The TMS370CxAx family of devices is implemented using high-performance silicon-gate CMOS technologies. 
Low-operating power, wide-operating temperature range, and noise immunity of CMOS technology coupled 
with the high performance and extensive on-chip peripheral functions make the TMS370CxAx device attractive 
in system designs for automotive electronics, industrial motors, computer peripheral controls, 
telecommunications, and consumer applications. 


All TMS370C3A7A device contains the following on-chip peripheral modules: 
@ Serial communications interface 1 (SCI1) 
@ Two 16-bit general-purpose timers (one with an 8-bit prescaler) 


@® One 24-bit general-purpose watchdog timer 
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description (continued) 


Table table 1 provides a memory configuration overview of the TMS370CxAx device. Also shown in Table 1, 
the one-time programmable (OTP) (TMS370C758) and the reprogrammable (SE370C758) devices are the two 
development devices recommended for the TMS370CxAx family. 


Table 1. Memory Configurations 
PROGRAM MEMORY DATA MEMORY is eer ties 
DEVICES (BYTES) (BYTES) 68 PIN PLCC/CLCC, OR 

TMS370CxAx 

ant ex to - | eee -  e 
TMS370C758 

TMS370C758A 

[TMS370C758A__| a sik Se cae iadorante 

TMS370C758B 

ees | a = [| = [omen 


t System evaluators and development are for use only in prototype environment, and their reliability has not been characterized. 


OFF-CHIP 


The suffix letters (A or B) appended to the device name (shown in the first column of Table 1) indicates the 
configuration of the device. ROM and EPROM devices have different configurations as indicated in Table 2. 
ROM devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 2. Suffix Letter Configuration 


DEVICEt __ WATCHDOG TIMER CLOCK LOW-POWER MODE 
EPROM A Divide-by-4 (Standard oscillator) Enabled 
EPROM B Divide-by-1 (PLL) Enabled 


Standard 
ROM A 


+ Refer to the “device numbering conventions” section for device nomenclature and the “device part numbers” section for ordering. 


The 24K bytes of mask-programmable ROM in the TMS370C3A7A device rely on the 68-pin TMS370C758 
development devices and an OTP converter socket for (part number TMDX377880TP) prototyping and 
programming purposes. 


The OTP device (TMS370C758) and the reprogrammable device (SE370C758) offer 32K bytes of EPROM, 
256 bytes of EEPROM, off-chip memory expansion, 512 bytes of additional RAM, and two additional on-chip 
peripheral modules (analog-to-digital converter and serial peripheral interface). 


Refer to the TMS370Cx5x data sheet (literature number SPNS010C) or the TMS370 Family User’s Guide 
(literature number SPNU127) for detailed information because the address and the control register 
manipulations to these associated pins/ports are different between the ’xAx and ’x5x devices. 


Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 


The SE370C758 has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development-prototyping phase of design. The SE370C758 device allows quick updates to 
breadboards and prototype systems while iterating initial designs. The TMS370C758 OTP device is available 
in plastic packages. 
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The TMS370CxAx family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator and the general-purpose timer remain active. In the HALT mode, 
all device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370CxAx features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370CxAx family is fully 
instruction-set-compatible, providing easy transition between members of the TMS370 8-bit microcontroller 
family. 


The TMS370CxAx family provides the system designer with an economical, efficient solution to real-time control 
applications. The TMS370 family extended development system (XDS™) and compact development tool 
(CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370CxAx into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C-language, and the output code can be generated by the linker. The TMS370 family 
XDS development tool communicates through a standard RS-232-C interface with an existing personal 
computer. This allows the use of the personal computer editors and software utilities already familiar to the 
designer. The TMS370 family XDS emphasizes ease-of-use through extensive menus and screen windowing 
so that a system designer can begin developing software with minimal training. Precise real-time in-circuit 
emulation and extensive symbolic debug and analysis tools ensure efficient software and hardware 
implementation as well as a reduced time-to-market cycle. 


The TMS370CxAx family together with the TMS370 family XDS22, CDT370, starter kit, software tools, the 
SE370C758 reprogrammable devices, comprehensive product documentation, and customer support provide 
a complete solution to the needs of the system designer. 


central processing unit (CPU) 


The CPU used on the TMS370CxAx device is the high-performance 8-bit TMS370 CPU module. The ’xAx 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’xAx instruction map is shown in Table 15 in the TMS370CxAx instruction set overview 
section. 


The ’370CxAx CPU architecture provides the following components: 
@ CPU registers: 


A stack pointer that points to the last entry in the memory stack 


A status register that monitors the operation of the instructions and contains the global interrupt enable 
bit. 


— A program counter (PC) that points to the memory location of the next instruction to be executed 


@ Amemory map that includes: 


— 512-byte general-purpose RAM that can be used for data memory storage, program instructions, 
general-purpose register, or the stack (can be located only in the first 256 bytes) 


- A peripheral file that provides access to all internal peripheral modules and system-wide control 
functions 


— 24K-byte ROM of program memory 


XDS and CDT are trademarks of Texas Instruments Incorporated. 
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central processing unit (CPU) (continued) 


Figure 1 Illustrates the CPU registers and memory blocks. 


15 ae Counter 0 


7 Stack Pointer (SP) 0 Legend: 
N=Negative 
Status Register (S Z=Zero 
pe [Nz | v [te] 1e1] — |—| V=Overflow 
y othe Beet pee Mae, jee eas tear |E2=Level 2 interrupts Enable 


1Ei1=Level 1 interrupts Enable 


— — 512 Bytes RAM (0000h - 01FFh) - — 


RAM (Includes 256-Byte Register File) 


0000h 


0001h 01FFh 
seers 
0002h Reserved OFFFh 
Peripheral File 
105Fh 
0003h 1080h 
Reserved 


007Fh 


24K-Byte ROM 
(6000h - 7FFFh) 


interrupts and Reset Vectors; 
Trap Vectors 


OOFFh 


Tt Reserved means the address space is reserved for future expansion. 


Figure 1. Programmer’s Model 


stack pointer (SP) 


The SP is an 8-bit CPU register. Stack operates as a last-in, first-out, read/write memory. The stack is used 
typically to store the return address on subroutine calls as well as the status-register contents during interrupt 


sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 
onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 


on-chip RAM memory. 
status (ST) register 


The ST register monitors the operation of the instructions and contains the global interrupt enable bits. The ST 


register includes four status bits (condition flags) and two interrupt-enable bits: 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 


the conditional jump instructions) use the status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 
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central processing unit (CPU) (continued) 


The ST register, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Registers (ST) 


A ZN 
RW-0 RW-0 RW-0 RW-0 


RW-0 


R = read, W = write, 0 = value after reset 
program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most significant byte and least significant byte of a 16-bit address. 


During reset, the contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
2000h as the contents of the reset vector. 


Program Counter (PC) 
Memory PCH PCL 


ety ie 


Figure 2. Program Counter After Reset 


memory map 


The TMS370C3A7 architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. As shown in Figure 3, the TMS370C3A7 provides memory-mapped RAM, ROM, input/output 
pins, peripheral functions, and system-interrupt vectors. 


The peripheral file contains all input/output port control, peripheral status and control, and system-wide control 
functions. The peripheral file is located between 1010h to 106Fh and is logically divided into six peripheral file 
frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through which peripheral 
control and data information are passed. 
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central processing unit (CPU) (continued) 


Peripheral File Control Registers 


1010h-101Fh 
1020h-—102Fh 
1030h-—103Fh 
1040h-—104Fh 
1050h-—105Fh 


0000h 


512-Byte RAM 
0200h 


100Fh 
1010h 
Peripheral File 


01FFh 


1060h—106Fh 


106Fh 
1070h 


Vectors 

Trap 15-0 Pe 
1FFFh 7FCOh-7FDFh 
2000h 7FEOh-7FEDh 


24K-Byte ROM 
(2000h-7FFFh) 


7FBFh 
7FCOh 


7FFFh 
8000h 


Interrupts and Reset Vectors; 
Trap Vectors 


7FF8h-—7FF9h 

7FFAh—7FFBh 
7FFCh—7FFDh 
7FFEh—7FFFh 


Not Availablet 


tT Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


Figure 3. TMS370CxAx Memory Map 


FFFFh 


RAM/register file (RF) 


Locations within the RAM address space can serve as the RF, general-purpose read/write memory, program 
memory, or the stack instructions. The TMS370C3A7 device contains 512 bytes of internal RAM mapped 
beginning at location 0000h and continuing through location 01FFh which is shown in Figure 1. The first 


256 bytes of RAM (OOOOh—OOFFh) are register files, RO through R255. 


The first two registers, RO and R11, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 


peripheral file (PF) 


The TMS370C3A7 control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decimal designator. For example, the system control register 0 (SCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal designator is P16. Table 4 


shows the TMS370C3A7 PF address map. 
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central processing unit (CPU) (continued) 


Table 4. TMS370C3A7 Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


1010h-—101Fh PO010-—PO1F System control 
1020h-—102Fh P020-—P02F Digital |/O port control registers 


1040h-—104Fh P040—PO04F T1 peripheral control 
1050h—105Fh PO50-—PO5F Serial communications interface 1 peripheral control registers 
1060h—106Fh PO60—PO6F Timer 2A peripheral control registers 


1030h-—103Fh P030—PO3F Reserved 


program ROM 


The program ROM consists of 24K bytes of mask-programmable read-only memory. The program ROM is used 
for permanent storage of data or instructions. Memory addresses 7FEOh through 7FEBh are reserved for TI, 
and 7FEEh through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, used with TRAPO through 
TRAP15 instructions are located between addresses 7FCOh and 7FDFh. Programming of the mask ROM is 
performed at the time of device fabrication. Refer to Figure 3 for the ROM memory map. 


system reset 


The system reset operation ensures an orderly start-up sequence for the TMS370C3A7 CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
internally generated, while one (RESET pin) is controlled externally. These actions are as follows: 


@ External RESET pin. A low level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
T™MS370 User’s Guide (literature number SPNU127) for more information. 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register or if the re-initialization does not occur before the watchdog timer timeout . See the TMS370 User's 
Guide (literature number SPNU127) for more information. 


®@ Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the 7MS370 User’s Guide (literature number SPNU127) for more information. 


Once a reset source is activated, the external RESET pin is driven low (active) for a minimum of eight SYSCLK 
cycles. This allows the ’3A7 device to reset external system components. Additionally, if a cold start (Vcc is off 
for several hundred milliseconds) condition or oscillator failure occurs or the RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator fault flag (OSC FLT FLAG, SCCRO.4), the cold start flag 
(COLD START, SCCRO.7) and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 5 lists the reset sources. 


Table 5. Reset Sources 


REGISTER ADDRESS | PF |_BITNO CONTROL BIT SOURCE OF RESET 
scoro | torn | Pow [7 | COLD START Covd (power-up) 


7 
SCCRO 1010h PO10 OSC FLT FLAG Oscillator out of range 
TICTL2 104Ah i ee ee ee WD OVRFL INT FLAG Watchdog timer timeout 
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system reset (continued) 


Once a reset is activated, the following sequence of events occurs: 

The CPU registers are initialized: ST = 00h, SP = Oth (reset state). 

Registers A and B are initialized to 00h (no other RAM is changed). 

The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


sid Mites SE scale alan 


Program execution begins with an opcode fetch from the address pointed to by the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


When an external reset circuit is connected to the RESET pin, the pin must be held low until the clock signal 
is valid and Vcc is within the operating range. Figure 4 shows a typical reset circuit. 


Vec To Other Device Resets 


TMS370 


Reset In 


\¢ Reset Out 


Figure 4. Typical Reset Circuit 


interrupts 


The TMS370 family software programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global-interrupt mask bits (IE1 and IE2) of 
the status register. 


v5 TEXAS 
INSTRUMENTS 


15-12 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370CxAx 
8-BIT MICROCONTROLLER 


SPNS037A — NOVEMBER 1995 — REVISED MARCH 1996 


interrupts (continued) 


EXT INT 3 


EXT INT 2 


TIMER 2A TIMER 1 
INT3 PRI 


Overflow _- Overflow = 
Compare _— Compare1 = 
Ext Edge — Ext Edge — 
Compare2 > Compare2 


O 
INT2 PRI 


EXT INT1 
CPU 


Input Capture 1 Input Capture » aa 
Input Capture , ee Watchdog — 
O 


O 
INT1 PRI 


Logic 


1E1 
© 
eer cl ee ee oes 
O O 
i SCI INT 5 Enabie 
TX RX 


Level 1 INT 
Level 2 INT 


O O 
O O 
TXPRI XPRI 
a ~~, BRKDT 
Widcdisd ™, RXRDY 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is configured selectively on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion for future modules. 
Pending-interrupts are serviced upon completion of current instruction execution, depending on their interrupt 
mask and priority conditions. 


Figure 5. Interrupt Control 


The TMS370C3A7 has seven hardware system interrupts (plus RESET) as shown in Table 6. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. A system interrupt may have multiple interrupt sources. All of the interrupt sources are 
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interrupts (continued) 


individually maskable by local interrupt enable control bits in the associated peripheral file. Each interrupt source 
FLAG bit is individually readable for software polling or for determining which interrupt source generated the 
associated system interrupt. 


Three of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are 
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3 
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input 
polarity (rising or falling edge) for ease of system interface. External interrupt INT1 is software configurable as 
either a maskable or non-maskable interrupt (NMI). When INT1 is configured as NMI, it cannot be masked by 
the individual or global enable mask bits. The INT1 NMI bit is protected during non-privileged operation and, 
therefore, should be configured during the initialization sequence following reset. To maximize pin flexibility, 
external interrupts INT2 and INT3 can be software-configured as general-purpose input/output pins if the 
interrupt function is not required (INT1 can be similarly configured as an input pin). 


Table 6. Hardware System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
External RESET COLD START 
Watchdog Overflow WD OVRFL INT FLAG RESET+ 7FFEh, 7FFFh 1 
Oscillator Fault Detect OSC FLT FLAG 


External INT1 INT1 FLAG INT1+ ae en, ee ae ee 
External INT2 INT2 FLAG INT2+ 7FFAh,7FFBh | 3 
External INT3 INT3 FLAG INT3+ 7FF8h,7FF9h fA 


Timer 1 Overflow T1 OVRFL INT FLAG 

Timer 1 Compare 1 T1C1 INT FLAG 

Timer 1 Compare 2 T1C2 INT FLAG 

Timer 1 External Edge T1EDGE INT FLAG THINTS EOE eee 
Timer 1 Input Capture 1 T1IC1 INT FLAG 

Watchdog Overflow WD OVREL INT FLAG 


SCI RX Data Register Full RXRDY FLAG 
SCI RX Break Detect BRKDT FLAG RXINT+ 7FF2h, 7FF3h ee Se 


SCI TX Data Register Empty TXRDY FLAG TXINT 7FFOh, 7FF1h 


Timer 2A Overflow T2A OVREFL INT FLAG 
T2AINT 7FEEh, 7FEFh 


Timer 2A Compare 1 T2AC1 INT FLAG 
Timer 2A Compare 2 T2AC2 INT FLAG 
Timer 2A External Edge T2AEDGE INT FLAG 
Timer 2A Input Capture 1 T2AIC1 INT FLAG 
Timer 2A Input Capture 2 T2AIC2 INT FLAG 
T Relative priority within an interrupt level. 
The TMS370C3A7 family has significant flexibility to enable the designer to software configure the system and 
peripherals to meet the requirements of a variety of applications. The nonprivileged mode of operation ensures 
the integrity of the system configuration, once it is defined for an application. Following a hardware reset, the 
TMS370C3A7 operates in the privileged mode, where all peripheral file registers have unrestricted read/write 
access, and the application program configures the system during the initialization sequence following reset. 
As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is set to 1 to enter the 


+ Release microcontroller from STANDBY and HALT low-power modes. 
§ Release microcontroller from STANDBY low-power mode. 


privileged operation 
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privileged operation (continued) 


nonprivileged mode, thus, disabling write operations to specific configuration control bits within the peripheral 
file. Table 7 displays the system configuration bits which are write-protected during the nonprivileged mode and 
must be configured by software prior to exiting the privileged mode. 


Table 7. Privilege Bits 


REGISTERT 
CONTROL BIT 
[NAME | LOGATION 


INT1 NMI 

SCI ESPEN 

SCIRX PRIORITY 
ee SCITX PRIORITY 

SCI STEST 


P010.5 PF AUTO WAIT 
eet P010.6 OSC POWER 
SCCRI PO11.2 MEMORY DISABLE 
PO11.4 AUTOWAIT DISABLE 
CPU STEST 
BUS STEST 
PWRDWN/IDLE 
PO4F.6 T1 PRIORITY 
ee PO4E7 T1 STEST 
PO6F.6 T2A PRIORITY 
Tea PO6F.7 T2A STEST 
Tt The privilege bits are shown in a bold typeface in the peripheral file 


PRIVILEGE DISABLE 
SCCR2 
HALT /STANDBY 
frame 1 section. 


low-power and IDLE modes 


The TMS370C3A7 devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls the low-power mode selection. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity stops; 
however, the oscillator, internal clocks, T1, and the receive-start bit detection circuit of the serial 
communications interface 1 remain active. System processing is suspended until a qualified interrupt (hardware 
RESET, external interrupt on INT1, INT2, INT3, T1 interrupt, or low level on the receive pin of the SCI1) is 


detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370C3A7 is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET, external interrupt on the INT1, INT2, INT3 or low level 
on the receive pin of the SCI1) is detected. The power-down mode selection bits are summarized in Table 8. 
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low-power and IDLE modes (continued) 


Table 8. Low-Power/Idle Control Bits 


(SCCR2.6) (SCCR2.7) 
vine Gina oe oe 
eee ae ee 
WER REO PES eo ee ey 


t Don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits are ignored. In addition, if an idle instruction executes when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a NMI during low-power modes when the hard watchdog mode is selected. This means that the NMI is 
generated always, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (stack pointer, program counter, and status register), |/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU instruction processing stops during the STANDBY 
and HALT modes, the clocking of the watchdog timer is inhibited. 


clock modules 


The TMS370C3A7 provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 microcontroller. The 3A7 ROM-masked devices offer both options to meet 
system engineering requirements. Only one of the two clock options is allowed on each ROM device. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 clock module option provides a one-to-one match of the external resonator frequency (CLKIN) 
to the internal system clock (SYSCLK) frequency, whereas the divide-by-4 option produces a SYSCLK which 
is one-fourth of the frequency of the external resonator. Inside of the divide-by-1 module, the frequency of the 
external resonator is multiplied by four, and the clock module then divides the resulting signal by four to provide 
the four-phased internal system clock signals. The resulting SYSCLK is equal to the resonator frequency. 


These are formulated as follows: 


external resonator frequency _ CLKIN 


Divide-by-4 : SYSCLK = A 4 


external resonator frequency x 4 
4 


The main advantage of choosing a divide-by-1 oscillator is the reduction in EMI. The harmonics of low-speed 
resonators extend through less of the emissions spectrum than the harmonics of faster resonators. The 
divide-by-1 option provides the capability of reducing the resonator speed by four times, resulting in a steeper 
decay of emissions produced by the oscillator. 


Divide-by-1 : SYSCLK = = CLKIN 


15-16 
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Table 9 contains system configuration and control functions. The privileged bits are shown in bold typeface and 
shaded areas. 


Table 9. Peripheral File Frame 1: System Configuration Registers 


PF BIT 6 BIT 5 BIT 4 BIT 3 BIT 0 REG 
Lise COLD OSC | PFAUTO | OSCFLT | MCPIN | MCPIN pPiAO | heme 
START | POWER | WAIT FLAG WPO DATA MODE 
en HALT/ | PWRDWN/ BUS CPU INT1 | PRIVILEGE | . G5, 

STANDBY | IDLE STEST | STEST NMI DISABLE 
PO13 


to Reserved 
P016 


P017 INT4 INT1 INT1 INT4 INT1 INT4 
FLAG PIN DATA POLARITY | PRIORITY ENABLE 

Po1g INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR | DATA OUT | POLARITY | PRIORITY ENABLE 

Po1g INT3 INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA DIR | DATA OUT | POLARITY | PRIORITY ENABLE 


PO1A 
to Reserved 
PO1F 
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digital port control registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 10 shows the specific 
addresses, registers, and control bits within this peripheral file frame. 


Table 10. Peripheral File Frame 2: Digital Port Control Registers 


Reserved APORT1 
Port A Control Register 2 (must be 0) APORT2 
Port A Data ADATA 
Port A Direction ADIR 
Reserved BPORT1 
Port B Control Register 2 (must be 0) BPORT2 
Port B Data BDATA 
Port B Direction BDIR 
Reserved CPORT1 


Port C Control 
Register 2 CPORT2 
(must be 0) 


Port C Data CDATA 
Port C Direction CDIR 
Port D Control Register 1 (must be 0) | — | DPORT1 
Port D Control Register 2 (must be 0)T DPORT2 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


Table 11. Port Configuration Register Set-up 


iM a ce ae oe ee 
pee ee | ee ee 


Po eee ee 


a = Port x Control Register 1 
b = Port x Control Register 2 
c = Data 
d = Direction 
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timer 1 module 


The programmable timer 1 (T1) module of the TMS370CxAx provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers, T1 and WD, allow program selection of input clock 
sources (real-time, external event, or pulse accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The T1 module includes three external device pins that can be used 
for multiple counter functions (operation mode dependent) or used as general-purpose I/O pins. The T1 module 
block diagram is shown in Figure 6. 


16-Bit 
Capt/Comp 
Register 


16-Bit 
Compare Interrupt 
Register Logic 


Interrupt 
Logic 
16-Bit 


Watchdog Counter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins 
— T1IC/CR: T1 input capture / counter reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: T1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: T1 event input pin, or general-purpose bidirectional I/O pin 
@ Two operation modes: 
— Dual-compare mode: Provides PWM signal 
— Capture/compare mode: Provides input capture pin 
@ One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register. 


@ One 16-bit watchdog counter can be used as an event counter, a pulse accumulator, or an interval timer 
if watchdog feature is not needed. 


@ Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 
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timer 1 module (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR) 


@ Interrupts that can be generated on the occurrence of: 
—- Acapture 
— Acompare equal 
— Acounter overflow 
— An external edge detection 
@ Sixteen Ti module control registers located in the PF frame beginning at address P040. 


The T1 module control registers are illustrated in Table 12. 
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timer 1 module (continued) 


Table 12. Timer 1 Module Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Mode: Dual Compare and Capture/Compare 
Bit 15 T1 Counter MSbyte Bit8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit 0 
Bit 15 Compare Register MSbyte Bit 8 | T1C 
Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Watchdog Counter MSbyte Bit 8 |} WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit 0 
Bit 7 Watchdog Reset Key BitO0 | WORST 


WD OVRFL | WD INPUT | WD INPUT | WD INPUT T1 INPUT | T1 INPUT |) T1 INPUT 
TAP SELT | SELECT2T | SELECT1T | SELECToT SELECT2 | SELECT1 SELECTO 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL 
RSTENAT | INTENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
INTFLAG | INTFLAG | INTFLAG INT ENA INT ENA INT ENA 
T1 TiC T1C2 T1C1 TICR T1EDGE TICR T1EDGE 
MODE=0 | OUTENA | OUTENA | RSTENA | OUTENA | POLARITY | RSTENA DET ENA 
Mode: Capture/Compare 
T1EDGE T1C1 T1EDGE 
INT FLAG INT FLAG INT ENA 
T1 T1C1 TIC T1EDGE 
MODE =1 | OUTENA RST ENA POLARITY 
Mode: Dual-Compare and Capture/Compare 
TIEVT TIEVT T1EVT TIEVT 
DATAIN | DATA OUT | FUNCTION DATA DIR 
TiPWM Ti1PWM TI1PWM TIPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATAIN | DATA OUT | FUNCTION | DATADIR DATAIN | DATA OUT | FUNCTION DATA DIR 


tT Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 


bits are ignored. 


PF REG 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


i 
— 


P049 T1CTL1 


PO4A TICTL2 


PO04B TICTL3 


P04C T1CTL4 


T1C1 
INT ENA 


T1EDGE 
DET ENA 


TICTL3 


T1CTL4 


T1PC1 


TiPC2 


T1PRI 
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timer 1 module (continued) 


Figure 7 shows the T1 capture/compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in 


the T1CTL2 register. 
T1CC.15-0 
16-Bit 
Capt/Comp en T1C1 
a Register MSB OUT ENA | , |{ 71PC2.7-4 
Source (T1cT1L4.6) f 
T1CNTR.15-0 
LSB 16-Bit 


MSB Counter 


& Reset 
T1 SW 


(71¢.15-0) 15-0 ae 


RESET 
16-Bit LSB 
T1CTL2.0 T1C1 Compare 
RST ENA Register MSB 
ei Se Ti OVRFL INT FLAG 
T1CTL4.4 
T1CTL2.4 
T1 OVRFL INT ENA 
T1PC2.3-0 
TI1EDGE DET ENA 
<T1IC/CR> T1EDGE INT FLAG 


3 
T1CTL4.0 


T1EDGE POLARITY 


T1EDGE INT ENA 


Figure 7. Capture/Compare Mode 
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timer 1 module (continued) 


Figure 8 shows the T1 dual-compare mode block diagram. The annotations on the diagram identify the register 
and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in the 
T1CTL2 register. 


16-Bit T1C2 INT FLAG 


Prescaler Capt/Comp 
Clock Register _ Output 
Source SS Enable 


T1CTL3.1 


NZ T1C2 INT ENA 
TICTL4.5 
TICNTR.15-0 
re xO T1PC2.7-4 
LSB 16-Bit | 1 T1C2 OUTENA | | 
vse counter TiC1 INT FLAG TICTL4.6) | <C1PwM > 
S T1CTL3.5)—O ie 
bina: TICTL3.O T1C1 OUT ENA 
T1C1 T1C.15-0) 4 T1CTL4.3 
TSW - 
pare RST ENA ae T1C1 INT ENA 
-Bi 
T1CTL2.0 TICTL4.4 ) Compare T1CR OUT ENA 
Register MSB 
® Re) 
ee & T1 OVRFL INT FLAG 
TICTL4.1 
TICR 


T1 OVRFL INT ENA 


T1PC2.3-0 


T1CTL4.0 
T1EDGE DET ENA 


T1CTL4.2 
T1EDGE POLARITY 


TICTL3.2 


T1EDGE INT ENA 


Figure 8. Dual-Compare Mode 
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timer 1 module (continued) 


The TMS370CxAx device includes a 24-bit WD timer, contained in the T1 module, which can be programmed 
as an event counter, pulse accumulator, or interval timer if the watchdog function is not used. The WD function 
is to monitor software and hardware operation, and implements a system reset when the WD counter is not 
properly serviced (WD counter overflow or WD counter is re-initialized by an incorrect value). The WD can be 
configured as one of the three mask options as follows: 


@ Standard watchdog configuration (see Figure 9) for mask-ROM devices: 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5 MHz SYSCLK. 


— AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows. 


— Awatchdog overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset. 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator or an interval timer 


WD OVRFL ; 
16-Bit wil ais 
WatchdogCounter 
O~” O———— Interrupt 
Reset WD OVRFL 
INT ENA 
home 
WD OVRFL 
TAP SEL % O—————__ System Reset 
WD OVRFL 
Watchdog Reset Key RST ENA 


WDRST.7-0 


Figure 9. Standard watchdog 
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timer 1 module (continued) 


@ Hard watchdog configuration (see Figure 10) for mask-ROM devices: 
— Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5 MHz SYSCLK 


— AWD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows. 


— Automatic activation of the WD timer upon power-up reset 
— INT1 is enabled as a nonmaskable interrupt during low-power modes. 


— Awatchdog overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


WDCNTR.15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter 
TICTL2.5 


Clock 
Prescaler 


TICTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 


@ Simple counter configuration — for mask-ROM devices only (see Figure 11) 


— Simple counter can be configured as an event counter, pulse accumulator or an internal timer. 
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timer 1 module (continued) 


WD OVFL 
16-Bit ne 
Watchdog Counter 
O—————__ Interrupt 


WD OVRFL 
INT ENA 


Clock 
Prescaler TICTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


timer 2A module 


The 16-bit general-purpose timer 2A (T2A) module is composed of a 16-bit resetable counter, 16 bit compare 
register with associated compare logic, 16-bit capture register, and a 16-bit register that functions as a capture 
register in one mode and as a compare register in the other mode. The T2A module adds an additional timer 
that provides event count, input capture, and compare functions. The T2A module includes three external 
device pins that can be dedicated as timer functions or used as general-purpose I/O pins. The T2A module is 
shown in Figure 12. 


16-Bit 
Capt/Comp 
Register 


16-Bit 
Capture INT 
Register Logic 


(Dual-Capture Mode) 


(Dual-Compare Mode) 


ig 


16-Bit 
Compare 


16-Bit 
Counter 


Figure 12. Timer 2A Block Diagram 
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timer 2A module (continued) 


The T2A module features include the following: 
@ Three I/O pins: 
— T2AIC1/CR: T2A input-capture 1/counter-reset input pin, or general-purpose bidirectional I/O pin 


— T2AIC2/PWM: T2A input-capture 2/pulse-width-modulation (PWM) output pin, or general-purpose 
bidirection I/O pin 


— T2AEVT: Timer 2A event-input pin, or general-purpose bidirection |/O pin 
@ Two operational modes: 
— Dual-compare mode: Provides PWM signal 
— Dual-capture mode: Provides input-capture pin 
One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture register with associated capture logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register 


@ 12A clock sources can be any of the following: 
— System clock 
— Noclock (the counter is stopped) 
— External clock synchronized to the system clock (event counter) 
— System clock while external input is high (pulse accumulation) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T2AIC1/CR) 


@ Interrupts that can be generated on the occurrence of: 
— Acompare equal to dedicated compare register 
— Acompare equal to capture-compare register 
— Acounter overflow 
— Anexternal edge 1 detection 
— Anexternal edge 2 detection 
@ Fourteen T2A module-control registers: Located in the PF frame beginning at address PO60 
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timer 2A module (continued) 


The T2A module-control registers are illustrated in Table 13. 


Table 13. Timer 2A Module Register Memory Map 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 REG 
Mode: Dual-Compare and Dual-Capture 
PO6O | Bit 15 T2A Counter MSbyte Bit 8 
T2ACNTR 
PO61 | Bit 7 T2A Counter LSbyte Bit 0 
PO62 | Bit 15 Compare Register MSbyte Bit 8 rOAG 
PO63 | Bit 7 Compare Register LSbyte Bit 0 
P064 | Bit 15 Capture/Compare Register MSbyte Bit 8 peice 
PO65 | Bit 7 Capture/Compare Register LSbyte Bit 0 
PO66 | Bit 15 Capture Register 2 MSbyte Bit 8 done 
PO67 | Bit 7 Capture Register 2 LSbyte Bit 0 
T2A T2A 
PO6A etten a POVRELINT | INPUT beophy bad T2ACTL1 
FLAG SELECT1 
Mode: Dual-Compare 
T2AEDGE1 T2AC2 T2AC1 T2AEDGE1 T2AC2 T2AC1 
POCB) INTFLAG | INTFLAG | INTFLAG omer es ge INTENA | INTENA | INTENA | 12ACTL2 
PO6C T2A T2AC1 T2AC2 T2AC1 T2AEDGE1 | T2AEDGE1 | T2AEDGE1 | T2ZAEDGE1 T2ACTL3 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
PO6B T2AEDGE1 T2AEDGE2 T2AC1 T2AEDGE1 | T2ZAEDGE2 T2AC1 T2ACTL2 
INT FLAG _INT FLAG INT FLAG INT ENA INT ENA INT ENA 
PO6C T2A T2AC1 T2AEDGE2 | T2AEDGE1 | T2AEDGE2 | T2AEDGE1 T2ACTL3 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Mode: Dual-Compare and Dual-Capture 
T2AEVT T2AEVT T2AEVT T2AEVT 
POSE T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR | T2AIC1/CR T2APC2 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION | DATADIR 
T2A 


bal TEXAS 
INSTRUMENTS 


15-28 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370CxAx 
8-BIT MICROCONTROLLER 


SPNS037A — NOVEMBER 1995 — REVISED MARCH 1996 
timer 2A module (continued) 


The T2A dual-compare mode block diagram is illustrated in Figure 13. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of TZACTL2.0 is 106Bh, 
bit O, in the T2ZACTL2 register. 


T2ACC.15-0 


16-Bit 


LSB 


Capt/Comp 
Clock Register Output 
Source | T2ACTL26)—O Enable 
T2ACNTR.15-0 Use a fa 
LSB 16-Bit ao T2AC2 OUT ENA ; 


Counter I T2AC1 INT FLAG T2ACTL3.6 oD KCT2AIC2/PWM > 
MSB =) 
é \2 T2ACTL2.5 O OE 2 
eset 
sd T2ACTL2.0 arenes, 
T2A SW Toacs {ZAC IED 4 T2AC1 INT ENA 
RESET ro O O 
RST ENA 16-Bit LSB 
T2ACTL1.0 T2ACTL3.4 Compare T2AEDGE1 
O™o Register MSB OUT ENA 
OY T2A OVREL INT FLAG 
T2ACTL3.1 T2ACTL1.3 O 
VAST ENA’ TIACTLTA 
ice T2A OVREL INT ENA 
Edge 1 aa 
T2ACTL3.0 T2AEDGE1 INT FLAG ( T2APRI6) _ 
T2AEDGE1 DET ENA = 


T2ACTL2.7 % 
T2ACTL2.2 


T2AEDGE1 INT ENA 


T2ACTL3.2 
T2AEDGE1 POLARITY 


Figure 13. Dual-Compare Mode 
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timer 2A module (continued) 


The T2A dual-capture mode block diagram is illustrated in Figure 14. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of TZACTL2.0 is 106Bh, 
bit 0, in the T2ZACTL2 register. 


T2ACC. 15-0 T2AIC. 15-0 
16-Bit 16-Bit 
CapvComp {SB Capture SB 
Clock Register 1 MSB Register2 MSB 
Source yx 
T2ACNTR. 15-0 
LSBs 46-Bit 
MSB- Counter 
T2AC1 INT FLAG 
Reset 
T2A SW Bit 
RESET T2ACi Compare wee 
T2ACTL1.0 RST ENA Register 
Seemenpe ko an is eS 
T2ACTL3.4 
T2ACTL3.0 
(W2APC2.3-0) T2AEDGE1 DET ENA 
( T2APC2.3-0 ) 
Edge O O 
<UT2AIC1/CR >| _Select T2ACTL3.2 
T2AEDGE1 POLARITY T2ACTL3.1 
T2APC2.7-4 
Edge 2 ss 5 
T@AEDGE2 POLARITY T2AEDGE2 INT ENA 


Figure 14. Dual-Capture Mode 


serial communications interface 1 module 


The TMS370C3A7 device includes a serial communications interface 1 (SCI1) module. The SCI1 module 
supports digital communications between the TMS370 devices and other asynchronous peripherals and uses 
the standard non return-to-zero (NRZ) format. The SCI1 receiver and transmitter are double-buffered, and each 
has its own separate enable and interrupt bits. Both can be operated independently or simultaneously in the 
full duplex mode. To ensure data integrity, the SCIl1 checks received data for break detection, parity, overrun, 
and framing errors. The speed of bit rate (baud) is programmable to over 65,000 different speeds through a 
16-bit baud-select register. Features of the SCI1 module include: 


@ Three external pins: 
— SCITXD: SCI transmit-output pin or general-purpose bidirectional I/O pin. 
— SCIRXD: SCI receive-input pin or general-purpose bidirectional I/O pin. 
— SCICLK: SCI bidirectional serial-clock pin, or general-purpose bidirectional |/O pin. 


@ Two communications modes: asynchronous and isosynchronoust 


Tt Isosynchronous = Isochronous 
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serial communications interface 1 module (continued) 


Baud rate: 64K different programmable rates 
— Asynchronous mode: 3 bps to 156K bps at 5 MHz SYSCLK 


cae i” =, aaeeaee 
(BAUD REG + 1) x 32 


— lsosynchronous mode: 39 bps to 2.5 Mbps at 5 MHz SYSCLK 


| 2) SNSELIE. 
(BAUD REG + 1) x 2 


Asynchronous Baud = 


Isosynchronous Baud = 


Data word format: 

— One start bit 

— Data word length programmable from one to eight bits 

— Optional even/odd/no parity bit 

— One or two stop bits 

Four error-detection flags: parity, overrun, framing, and break detection 
Two wake-up multiprocessor modes: Idle-line and address bit 

Half or full-duplex operation 

Double-buffered receiver and transmitter operations 


Transmitter and receiver operations can be accomplished through either interrupt-driven or 
polled-algorithms with status flags: 


— Transmitter: TXRDY flag (transmitter buffer register is ready to receive another character) and TX 
EMPTY flag (Transmitter shift register is empty) 


— Receiver: RXRDY flag (receive buffer register ready to receive another character), BRKDT flag (break 
condition occurred), and RX ERROR monitoring four interrupt conditions 


— Separate enable bits for transmitter and receiver interrupts 
— NRZ (non return-to-zero) format 


Eleven SCI1 module control registers, located in control register frame beginning at address PO50h 
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serial communications interface 1 module (continued) 


The SCI1 module control registers are illustrated in Table 14. 


Table 14. SCl1 Module Control Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O REG 
EVEN/ODD PARITY ASYNC/ ADDRESS/ 
STOP BITS PARITY ENABLE ISOSYNC | IDLE WUP SCI CHAR2 | SCI CHAR1 | SCI CHARO | SCICCR 
add CLOCK TXWAKE SLEEP TXENA RXENA SCICTL 
RESET 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUDO 
BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 (LSB) 
SCI TX 


PF 


PO50 


PO51 


P052 BAUD MSB 


P053 BAUD LSB 


P054 TXCTL 


P056 
P058 Reserved 
poss TXBUF 


PO5A 
PO5B 
PO5C 


Reserved 


ScICLK | scicLK | scicLK | SCICLK 
DATAIN | DATAOUT | FUNCTION | DATADIR 
scitxD | scitxD | scitxp | scitxp | scirnxD | scirxp | sciRxD | SCIRXD 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
Oe ae SCRX | s¢l 
scistest | pmonmry | emonm | esren | - | - | - | —- 


POSD SCIPC1 


PO5E SCIPC2 


POSF SCIPRI 
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serial communications interface 1 module (continued) 


The SCl1 module block diagram is illustrated in Figure 15. 


TXWAKE TXBUF.7-0 
SCICTL.3 


Frame Format and Mode 


SCI TX Interrupt 


PARITY 
EVEN/ODD ENABLE 


TXRDY SCITXINTENA 


O O 


TX EMPTY 


TXCTL.6 
SCIPC2.7—4 
TKENA ornxp 
he ee 


O 
<_SCICLK > 


BAUD MSB. 7-0 
Baud Rate 
MSbyte Reg. 
BAUD LSB. 7-0 


Baud Rate 
LSbyte Reg. 


<__SCIRXD > 


SCIRXD 


RXWAKE 
RXCTL.1 


SCI RX Interrupt 


SCIPRI.5 


RXRDY SCI RX INT ENA 


RXCTL.7 RXCTL.4-—2 


RXBUF.7-0 


Figure 15. SCIl1 Block Diagram 


instruction set overview 


Table 15 provides an opcode-to-instruction cross-reference of all 73 instructions and 274 opcodes of the 
‘370CxAx instruction set. The numbers at the top of this table represent the most significant nibble (MSN) of 
the opcode while the numbers at the left side of the table represent the least significant nibble (LSN). The 
instructions for these two opcode nibbles contain the mnemonic, operands, and byte/cycle particular to that 
opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 15. TMS370 Family Opcode/instruction Mapt 


Rs,Rd,ra 
4/11 


Rs,Rd,ra 
4/11 


= = & 
Sse Sse 


T All conditional jumps (opcodes 01-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


#n,Rd 
3/8 


ADC 
#n,Rd 
3/8 


SUB 
#n,Rd 
3/8 


SBB 
#n,Rd 
3/8 


A,Pd,ra 
3/11 


MOVW 
#16,Rd 
4/13 


JMPL 
lab 


3/9 


MOV 
& lab,A 
3/10 


MOV 
A, & lab 
3/10 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


XCHB A/ 
TST B 
1/10 


MOV 
#ra[SP],A 


MOV 
A,*ra[SP] 
2/7 


extend 
inst,2 
opcodes 
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Table 15. TMS370 Family Opcode/Instruction Mapt (Continued) 


= Indirect addressing operand prefix 


& = Direct addressing operand prefix 
# = immediate operand 

#16 = immediate 16-bit number 

lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address 

Rd = Register containing destination type 

Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 

Rs = Register containing source byte 


T All conditional jumps (opcodes 01-O0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instructions 


have a relative address as the last operand. 


5 


6 


t 


MSN 


B 
BR BR RR 
*Rp *lab[B] A 
2/8 3/11 1/8 
CMP CMP RRC 
*Rp,A *lab[B],A A 
2/10 3/13 1/8 
CALL CALL RL 
lab *Rp A 
1/8 
CALLR CALLR CALLR RLC 
lab *Rp *lab[B] A 
3/15 2/14 3/17 1/8 


3/13 2/12 
Second byte of two-byte instructions (F4xx): 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 
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development system support 


The TMS370 family development support tools include an assembler, a C-compiler, a linker, an in-circuit 
emulator (XDS22 - extended development support), and compact development tool, and an 
EEPROM/UVEPROM programmer. : 


Assembler/linker (Part No. TMDS3740850-02 for PC) 

— Includes extensive macro capability 

— Allows high-speed operation 

— Provides format conversion utilities for popular formats. 


ANSI C-compiler (Part No. TMDS3740855—-02 for PC, Part No. TMDS3740555—09 for HP700™, Sun-3™ 
or Sun-4™), 


— Generates assembly code for the TMS370 that can be inspected easily. 
— Improves code execution speed and reduces code size with optional optimizer pass. 
— Enables direct reference to the TMS370’s port registers by using a naming convention. 
— Provides flexibility in specifying the storage for data objects. 
— Interfaces C functions and assembly functions easily. 
— Includes assembler and linker. 
CDT370 (compact development tool) real-time in-circuit emulation 
— Base (Part Number EDSCDT370 — for PC, requires cable) 
— Cable for 40-pin DIP (Part No. EDSTRG40DILAX). 
— Includes EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Allows uploading/downloading program and data memory 
— Executes programs and software routines 
— Includes 1024-sample trace buffer 
— Provides single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address. 
XDS/22 (extended development support) in-circuit emulator 
— Base (Part Number TMDS3762210 for PC, requires cable) 
— Cable for 40-pin DIP (Part No. TMDS3788844). 


— Contains all of the features of the CDT370 described previously but does not have the capability to 
program the data EEPROM and program EPROM. 


— Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace 
samples with symbolic disassembly. 


— Allows qualification of breakpoints by address and/or data on any type of memory acquisition. Up to four 
levels of events can be combined to cause a breakpoint. 


HP700 is a trademark of Hewlett Packard Co. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 
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development system support (continued) 


— Provides timers for analyzing total and average time in routines. 


— Contains an eight-line logic probe for adding visibility of external signals to the breakpoint qualifier and 
for tracing display. 


@ Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 40-pin PDIP (Part No. TMDS3780511A) 


— Personal computer based, window/function-key-oriented user interface for ease of use and rapid 
learning environment : 


@ Starter kit (Part No. TMDX37000 — For PC) 
— Includes TMS370 Assembler diskette and documentation. 
— Includes TMS370 Simulator. 
— Includes programming adapter board and programming software. 
— Does not include (to be supplied by the user): 
— +5 V power supply 
— ZI\F sockets 
— Nine-pin RS232 cable 
@ Converter socket (Part No. TMDS377880TP) 
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device numbering conventions 


Figure 16 illustrates the numbering and symbol nomenclature for the TMS370CxAx family. 
TS 370C 3 AZ ANL 


Prefix: TMS = Standard prefix for fully qualified devices 
SE = System evaluator that is used for 
prototyping purpose. 


Family: 370 = TMS370 8-Bit Microcontroller Family 
Technology: C = CMOS 
Program Memory Types: 3 = Mask ROM, No Data EEPROM 


Device Type: A = ’xAx devices containing the following modules: 
— Timer 1 
— Serial Communications Interface 1 (SCI1) 
— Timer 2A 


24K bytes 
-40°Cto 85°C 
o°Cto 70°C 
-40°Cto 105°C 
Plastic Dual-in-Line Package 


= For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 
— A standard watchdog or 
— A hard watchdog or 
— A simple watchdog 
The clock mask option can be either: 
— Divide-by-4 clock or 
— Divide-by-1 (PLL) clock 
The low-power modes can be either: 
— Enabled or 
— Disabled 


Memory Size: 
Temperature Ranges: 


Packages: 
ROM Option: 


rZHorrwn 


Figure 16. TMS370CxAx Family Nomenclature 


device part numbers 


Table 16 provides a listing of the ’3A7 devices available. The device part number nomenclature is designed to 
assist ordering. Upon ordering, the customer must specify not only the device part number, but also the clock, 
watchdog timer options, and whether or not a low-power mode is desired. Each device can have only one of 
the three possible watchdog timer options, and one of the two clock options. The options to be specified pertain 
solely to orders involving ROM devices. 


Table 16. Device Part Numbers 


DEVICE PART NUMBERS 
FOR 40 PINS (PDIP) 


TMS370C3A7ANA 
TMS370C3A7ANL 
TMS370C3A7ANT 
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new code release form 


Figure 17 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using TI standard specification as incorporated in TI’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: 2 

No: (Std. spec to be followed) 

“If Yes: Customer must provide "print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 

Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 
“Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
options. See the TMS370 Family User’s Guide (literature number SPNU127) 
or the 7MS370 Family Data Manual (literature number SPNSO148B). 


TEMPERATURE RANGE PACKAGE TYPE 
iy te 0° to 70°C (standard) [] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[] A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
1 —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


{] Tl standard symbolization {} YES {} NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


[] Supply Voltage MIN: 
(std range: 4.5V to 5.5V) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
TI spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this TI custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 17. Sample New Code Release Form 
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Table 17 is a collection of all the peripheral file frames used in the ’CxAx (provided for a quick reference). 


Table 17. Peripheral File Frame Compilation 


PF BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O REG 
System Configuration Registers 
PO10 pay osc PF AUTO OSC FLT MC PIN MC PIN uP/ uC SCCRO 
pay POWER WAIT FLAG WPO DATA MODE 
AUTO- 
Pott WAIT rsp SCCRI 
_ DISABLE 
P012 HALT/ PWRDWN/ BUS CPU INT1 PRIVILEGE SCCR?2 
STANDBY IDLE STEST STEST NMI DISABLE 
P013 
to Reserved 
PO16 
PO17 INT1 INT1 INT1 INT1 INT1 INT4 
FLAG PIN DATA POLARITY PRIORITY ENABLE 
Po1g INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 
Po1g INT3 INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 
PO1A 
to Reserved 
PO1F 
Digital Port Control Registers 
P020 Reserved APORT1 
P021 Port A Control Register 2 (must be 0) APORT2 
P022 Port A Data ADATA 
P023 Port A Direction ADIR 
P024 Reserved BPORT1 
P025 Port B Control Register 2 (must be 0) BPORT2 
P026 Port B Data BDATA 
P027 Port B Direction BDIR 
P028 Reserved CPORT1 
Port C Control 
P029 Register 2 CPORT2 
(must be 0) 
Direction 
P02C Port D Control Register 1 (must be 0) ee Re Ae ek 
P02D Port D Control Register 2 (must be 0)t Re PEARS Be DPORT2 
PO2E Port D Data DDATA 
PO2F Port D Direction DDIR 


tT To configure pin D3 as SYSCLK, set port D control 2 = 08h. 
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Table 17. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


Timer1 Module Register Memory Map 


PF REG 


Mode: Dual-Compare and Capture/Compare 
Bit 15 T1 Counter MSbyte Bit 8 | TICNTR 
Bit 7 T1 Counter LSbyte Bit 0 
Bit 15 Compare Register MSbyte Bit8 | T1C 
Bit 7 Compare Register LSbyte Bit 0 
Bit 15 Capture/Compare Register MSbyte Bit 8 | T1CC 
Bit 7 Capture/Compare Register LSbyte Bit 0 
Bit 15 Watchdog Counter MSbyte Bit 8 | WOCNTR 
Bit 7 Watchdog Counter LSbyte Bit O 
Bit 7 Watchdog Reset Key BitO | WORST 


WD OVRFL | WD INPUT | WD INPUT | WD INPUT T1 INPUT T1 INPUT T1 INPUT 
TAP SELT | SELECT2T | SELECTiT | SELECToT SELECT2 | SELECT1 SELECTO 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL ba 
RST ENAt INT ENA INT FLAG INT ENA INT FLAG SW RESET 
Mode: Dual-Compare 
T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 T1C1 T1C2 T1C1 TiCR T1EDGE TiCR TIEDGE 
MODE=0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
Mode: Capture/Compare 
TIEDGE T1C1 T1EDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
<i TiC1 T1C1 T1EDGE TI1EDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Mode: Dual-Compare and Capture/Compare 
TIEVT TIEVE TIEVT TIE. 
DATA IN DATA OUT | FUNCTION DATA DIR 
T1PWM TIPWM TIPWM TiIPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
Ti 


SCI1 Module Control Memory Map 
EVEN/ODD PARITY ASYNC/ ADDRESS/ 
STOP BITS PARITY ENABLE ISOSYNC IDLE WUP SCI CHAR2 | SCI CHAR1 SCI CHARO 
SCI SW 
i ba Wg disks RESET CLOCK TXWAKE SLEEP TXENA RXENA 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 BAUDO (LSB) 
SCI TX 
RX SCI RX 


t Once the WD OVRFL RST ENA bitis set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT 
SELECT2 bits are ignored. 


P040 
P041 
P042 
P043 
P044 
P045 
P046 
P047 
P048 


P049 T1CTL1 


PO4A T1ICTL2 


P04B TICTL3 


P04C T1CTL4 


P04B TICTL3 


P04C T1ICTL4 


P04D T1PC1 


PO4E T1PC2 


PO4F T1PRI 


PO50 SCICCR 


P051 SCICTL 


BAUD 
MSB 


BAUD 
LSB 


P052 


P053 


P054 TXCTL 


PO55 RXCTL 
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Table 17. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Reserved 


RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 


Reserved 


TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 


Reserved 


SCICLK SCICLK SCICLK SCICLK DATA 
DATA IN DATA OUT | FUNCTION DIR 


PF 
P056 

P057 
P058 
PO59 


PO5A 
PO5B 
PO5C 


REG 


RXBUF 


TXBUF 


POSD SCIPC1 


DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DIR 
T2A MODULE REGISTER 
Mode: Dual-Compare and Dual-Capture 
PO6O | Bit 15 T2A Counter MSbyte Bit 8 
P061 | Bit 7 T2A Counter LSbyte Bit O oe 
PO62 | Bit 15 Compare Register MSbyte Bit 8 ea 
PO63 | Bit 7 Compare Register LSbyte Bit 0 
P064 | Bit 15 Capture/Compare Register MSbyte Bit 8 cae 
PO65 | Bit 7 Capture/Compare Register LSbyte Bit 0 
PO66 | Bit 15 Capture Register 2 MSbyte Bit 8 roait: 
P067 | Bit 7 Capture Register 2 LSbyte Bit 0 
POGA TAOVAFL: | over. | input | T2AINPUT react 
INT FLAG | SELECT1 
Mode: Dual-Compare 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA 
Mode: Dual-Capture 
MODE = 1 RST ENA POLARITY | POLARITY DET ENA DET ENA 
Mode: Dual-Compare and Dual-Capture 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


BUDply VONEGS TANG. Vem (SOO NOG 2)o coos sek Gas sede cs ce sats sieenegevsn dive the cee -0.6Vto7V 
WIDUL VONBOG:FANOR 2An Oils GUC IN 9 i555 Sica nel hee ein wean oo 0 ob eaehG wan ee eo -0.6Vto7V 
ee ei a He FCS aGER Oa ee kg Pare Fa ern ae Whee -—0.6 Vto 14 V 

IDET CIA CUNO ears OF VIA GE) cucets eas canes rs tee ce Oho neces gress eee eons +20 mA 
Output clamp-ounrentrtqs (ty < 0 OF Vey V6) oi ee ei ec cone ons n ebb Pawan +20 mA 
Continuous output current per buffer, Io (Vo = 0 to Vec))-(see Note.3) -.. 0. eee rere rene ners +10 mA 
PNA aN a pes sana cass hoe RANEY FFE 4c OLA Dado een nn no AE Pe ae HPN we A 170 mA 
WGN ents see CTE boo bi ee ede rk es te a teh diy Sas ee Wy ge ed oo ok ee -— 170 mA 
COR UN CIEE. Soh ce GMs ie Vicia os Ba ahs Nyy Cis cade Oe + ovguiwat vane sy kee 1W 
Operating free-air temperature, Ta. Lversion ............ cc ccc cece eee cece ences eeeees 0°C to 70°C 
ERAS Vic oc «5 Psa De OU Res a 6 a ok oie — 40°C to 85°C 

ANE a Sk x vd RRS VW CRE ae eee — 40°C to 105°C 

Storage temperature range, Tig ses sek. mest ces te cetetcersseroveeretuectrenease —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 2. Unless otherwise noted, all voltage values are with respect to Vss. 

3. Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in 
any buffer can affect the levels on other buffers. 


recommended operating conditions 


Supply voltage (see Note 2) 4.5 5 5.5 


RAM data-retention supply voltage (see Note 4) 3 5.5 
All pins except MC ss 0.8 
SS 


VIL Low-level input voltage 
MC, normal operation V 0.3 


CC 


V 


All pins except MC, XTAL2/CLKIN, and 5 Vy 
RESET CC 


VIH High-level input voltage XTAL2/GLKIN 0.8 Voc Voc V 


RESET 0.7Vcc Vcc 
Vac MC (mode control) voltage Microcomputer Vss 0.3 
Ta Operating free-air temperature 


T version : 105 


NOTES: 2. Unless otherwise noted, all voltage values are with respect to Vss. 
4. RESET must be activated externally when Vcc or SYSCLK is out of the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
V Low-level output voltage lol = 1.4mA pei ee SA 


OL 
VoH _ High-level output voltage Sa we ce V 
et 
OV<V)sO0.3V 
MC 
0.3V<Vj/<13V 
1/O pins OV<Vi< VCC 


VoL = 0.4 V 


VOH = 9.9 Voc 
VOH =2.4V 


See Notes 5 and 6 
SYSCLK = 5 MHz 


See Notes 5 and 6 
SYSCLK = 3 MHz 


See Notes 5 and 6 4 
SYSCLK = 0.5 MHz 


11 
See Notes 5 and 6 10 17 
SYSCLK = 5 MHz 
Supply current (STANDBY mode) See Notes 5 and 6 A 
cc OSC POWER bit = 0 (see Note 8) SYSCLK = 3 MHz bh 
See Notes 5 and 6 
SYSCLK = 0.5 MHz 


See Notes 5 and 6 6 8.6 
SYSCLK = 3 MHz 


See Notes 5 and 6 
SYSCLK = 0.5 MHz 


See Note 5 
XTAL2/CLKIN < 0.2 V 


NOTES: 5. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or > Voc - 0.2 V. 

6. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. AtS MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

7. Maximum operating current = 7.6 (SYSCLK) + 7 mA. 

Maximum standby current = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 
9. Maximum standby current = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit = 1, only valid up to 3 MHz of SYSCLK). 


Input current 


IOL Low-level output current 


IOH High-level output current 


Supply current (operating mode) 
OSC POWER bit = 0 (see Note 7) 


+ 
ws 
oO 


eel 2 ee 


Supply current (STANDBY mode) 
OSC POWER bit = 1 (see Note 9) 


Supply current (HALT mode) 


m 


@ 
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XTAL2/CLKIN 


XTAL2/CLKIN 


i 


C1 Crystal/Ceramic C2 (see Note A) — 
(see Note A) gi Resonator ay External ‘ 
= (see Note B) re Clock Signal 
NOTES: A. The values of C1 and C2 are typically 15 pF and the value of C3 is typically 50 pF. See the manufacturer’s recommendations for 
ceramic resonators. 
B. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


Figure 18. Recommended Crystal/Clock Connections 


7 C3 (see Note A) 


Load Voltage 


1.2 kQ 


Vo 
20 pF 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 19. Typical Output Load Circuit (See Note A) 


Vcc Vcc 


Pin Data 6 kQ 


Output 
Enable ae D> 


GND GND 


Figure 20. Typical Buffer Circuitry 
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timin 


PARAMETER MEASUREMENT INFORMATION 


g parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 


symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AR Array SC SYSCLK 
B Byte SCC SCICLK 
Cl XTAL2/CLKIN TXD SCITXD 
RXD SCIRXD 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) SU setup time 

d delay time V valid time 

f fall time Ww pulse duration (width) 
r rise time 


The following additional letters are used with these meanings: 


H High 
‘ Low 
V Valid 


All timings are measured between high and low measurement points as indicated in Figure 21 and Figure 22. 


Se SO 5, yg aime titi GEE 
Sie ain acon oe — — 0.8 V (Low) a — — 0.8 V (Low) 


Figure 21. XTAL2/CLKIN Measurement Points Figure 22. General Measurement Points 


15-46 
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external clocking requirements for divide-by-4 clock (see Note 10 and Figure 23) 


(el ee CRAMER ea NM 
[1 [toy Pulse duration, XTALZIGLKIN eee Note) SSCS 2 

Ca eS ee 
Ce ley oo peepee 
[4 fracin-scr) Delay time, XTALZICLKIN ise to SYSCLK fal ——SOSCSCSCSCSCSSSSCSC=*t 
[JOURN Crystal opersingtreqeny a 
a 


SYSCLK Internal system clock operating frequencyt 


T SYSCLK = CLKIN/4 
NOTES: 10. For Vip and Vip, refer to recommended operating conditions. 
11. This pulse can be either a high pulse which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


Tas 
(me 
a 
Tre 


<1 


+r ie 2 


2> 
—_ 


+—>+ 4 


SYSCLK / Meee ee 


Figure 23. External Clock Timing for Divide-by-4 


external clocking requirements for divide-by-1 clock (PLL) (see Note 10 and Figure 24) 


meio ee ve 
T+ [icy Pulse duration, XTALBIGLKIN eee Note) SSCS «dS 
ei. mime ee 
Po ha nig eNO Re ag 
4 fracin-scny Delay time, XTALZICLKIN rae to SYSCLKrse SSCS 
[Jeux Crystal operatingtrequeney SSCS |e 
[[S¥ScuK Internal aystem clock operating requeny —SSCSC~SC~‘“~*S~*~“~*~‘iS |e 


+ SYSCLK = CLKIN/1 
NOTES: 10. For Vj, and Vp, refer to recommended operating conditions. 
11. This pulse can be either a high pulse which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


wea 
aE a ON Pe Ny 
| | | 
+ 2 wies > we 


Figure 24. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 12 and Figure 25) 


fel ee ee 


| Divide-by-4 200 2000 
5 tc Cycle time, SYSCLK (system clock) — 
Divide-by-1 200 500 
| 6 | twScL Pulse duration, SYSCLK low O5t--20 05tc | ns | 
tw(SCH Pulse duration, SYSCLK high O5tc O5t¢+20] ns | 


NOTE 12: tp = system-clock cycle time = 1/SYSCLK 


SSDI ee ocr eta 
| | 6» eae ake 
| 


Figure 25. SYSCLK Timing 


general purpose output signal switching time requirements 


> i tf 
Figure 26. Signal Switching Time 
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SCI1 isosynchronous mode timing characteristics and requirements for internal clock 
(see Note 12 and Figure 27) 


Rote ae ee ee ee 
roe lec, mmc eee 
28 [iwiscor) Pulse duration, SCICLK high ———S~SCS~dStg AOS HAS | nw | 
Tar [tsccu-txby Delay tine, SCITXD valdaterSCICLKIw ——S*dSOn 
Tre 

| eri 

Bias 


| 28 |tywSCCH-TXD) __ Valid time, SCITXD data valid after SCICLK high tw(SCCH) — 50 
tsu(RXD-SCCH) Setup time, SCIRXD to SCICLK high 0.25 te + 145 
tv(SCCH-RXD) _ Valid time, SCIRXD data valid after SCICLK high 


NOTE 12: t, = system-clock cycle time = 1/SYSCLK 


| 
| Pecans elo 


Oe eG SSS VY 7-3 [xX OE e Oa" xXx XK Mom \/ OK 
SCITAD KX QQQYY YY Date ae KRY 
ie 25 > 


LN ZN ZN Z\ Z\ Z\ 2 
| | 


| >| }¢-30 
SOIR KKK KK KA, Data Valid ROY 


Figure 27. SCli Isosynchronous Mode Timing for Internal Clock 
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SCIl1 isosynchronous mode timing characteristics and requirements for external clock 


(see Note 12 and Figure 28) 
ee. eoeee 
pemlOley eg 


10 pine | 
a2 [wgocr) Pulse duration, SCIGLKiow —~—~SCS~S~S~CS~d SO SSCSCC*d;C 
[33 Pwisccuy Pulse duration, SoIcLKhigh ————SSCS~CS~dS nd 
a4 [tascou-txDy) Delay time, SCITXD valid afer SCICLKiow ———SSCSCSC~C~tCSCtC‘“CS*~*~*~« I TA] 
[35 [wsccu-txo) Valid time, SCITXD data vaid afer SCICLKTigh _———~—S*dtC sccm de 
tsu(RXD-SCCH) _ Setup time, SCIRXD to SCICLK high Rie ae oes en a 
tv(SCCH-RXD) _ Valid time, SCIRXD data after SCICLK high So eee ee 


NOTE 12: t, = system-clock cycle time = 1/SYSCLK 
(- $$ 3. —_______________» 


| 
| 33 
ae alee 
SCICLK | VA 
| 
7 ?}¢————_——— 35 ———_—_—_—_» 
<>} 94 | | 
SCITXD KY ened KRY 
oo oe 
| 
| >| It 37 


XK KRM XOXO OC LECT ES SOSH E SSE SESS 
SCIAXD YER K KKK KA Pate VANE DR KKKKRKK KK KEE 
Figure 28. SCI1 Isosynchronous Timing for External Clock 
Table 18 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 


mechanical drawing by drawing number and name. 


Table 18. TMS370CxAx Family Package Type and Mechanical Cross-Reference 


fiatonn ieee TMS370 GENERIC NAME Him his ecied DEVICE PART NUMBERS 


N— 40 pin PLASTIC DUAL-IN-LINE PACKAGE _| N(R-PDIP-T**) PLASTIC DUAL-IN-LINE _| [MS370C3A7ANL 
(100-mil pin spacing) | (PDIP) PACKAGE TMS370C3A7ANA 
TMS370C3A7ANT 
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FN PACKAGE 


@ CMOS/EEPROM/EPROM Technologies on a (TOP VIEW) 


Single Device 
— Mask-ROM Devices for High-Volume 
Production 
— EPROM Devices for Prototyping 
Purposes (TMS370C758 and SE370C758) 
@ Internal System Memory Configurations 
— On-Chip ROM: 16K Bytes 


DO/CSE2/OCF 


D1/CSH3 
D2/CSH2 
D3/SYSCLK 
D4/R/W 


— Data EEPROM: 256 Bytes DT/CSET WATT 
— Static RAM: 384 Bytes : ein 
— External Memory/Peripheral Wait States pt hal 
— Precoded External Chip-Select Outputs prt fet 

in Microcomputer Mode ae 

@ Flexible Operating Features be 

— Low-Power Modes: STANDBY and HALT 
— Commercial, Industrial, and Automotive S8SSF298922222222 

Temperature Ranges ‘ioe 
— Clock Options: 3 

— Divide-by-4 (0.5-MHz — 5-MHz NM PACKAGE 

SYSCLK) (TOP VIEW) 


— Divide-by-1 (2-MHz — 5-MHz SYSCLK) 
Phase-Locked Loop (PLL) 
— Supply Voltage (Vcc): 5 V+ 10% 
® 16-Bit General-Purpose Timer 
— Software Configurable as a 
16-Bit Event Counter, or a 
16-Bit Pulse Accumulator, or a 
16-Bit Input Capture Function, or a 
Two Compare Registers, or a 
Self-Contained Pulse-Width-Modulation 
(PWM) Function 
@ TMS370 Series Compatibility 
— Instructions Upwardly Compatible With 
All TMS370 Devices 
— Register-to-Register Architecture 
— 256 General-Purpose Registers 
— 14 Powerful Addressing Modes 
@ On-Chip 24-Bit Watchdog Timer 
— Mask-ROM Devices: Hard Watchdog, 
Simple Counter, or Standard Watchdog 


® CMOS/Package/TTL-Compatible I/O Pins @ Flexible Interrupt Handling 
— 64-Pin Plastic Shrink Dual-In-Line @ wWorkstation/PC-Based Software 
Package / 44 Bidirectional, 9 Input Pins Development System 
— 68-Pin Plastic Chip Carrier Package / — C Compiler and C Source Debugger 


Real-Time In-Circuit Emulation 
Extensive Breakpoint/Trace Capability 
Software Performance Analysis 
Multi-Window User Interface 
Microcontroller Programmer 


46 Bidirectional, 9 Input Pins 
— All Peripheral Function Pins Are 
Software Configurable for Digital 1/O 
® Eight-Channel 8-Bit Analog-to-Digital 
Converter 1 (ADC1) 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments j 
standard warranty. Production processing does not necessarily include TEXAS 
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Pin Descriptions 


DESCRIPTION? 


Single-chip mode: Port A is a general-purpose bidirectional I/O port. 
Expansion mode: Port A can be individually programmed as the external 
bidirectional data bus (DATAO—DATA7). 


ALTERNATE | PSDIP | PLCC 
FUNCTION —. = 


Single-chip mode: Port B is a general-purpose bidirectional I/O port. 
Expansion mode: Port B can be individually programmed as the low-order address 
output bus (ADDRO—ADDR7). 


ADDR8& 


ADDR9 
ADDR10 Single-chip mode: Port C is a general-purpose bidirectional I/O port. 
ADDR11 indivi i 
Expansion mode: Port C can be individually programmed as the high-order address 
ADDR12 output bus (ADDR8-ADDR15) 
ADDR13 . 
ADDR14 


ADDR15 


External (nonmaskable or maskable) interrupt/general-purpose input pin 
External maskable interrupt input/general-purpose bidirectional pin 
External maskable interrupt input/general-purpose bidirectional pin 


ADC1 analog input (ANO—AN7) or positive reference pins (AN1—AN7) 
Port E can be individually programmed as general-purpose input pins if not used as 
ADC1 analog input or positive reference input. 


ADC1 positive-supply voltage and optional positive-reference input pin 


Vcc3 32 34 
VSS3 33 35 ADC1 ground reference pin 
System reset bidirectional pin. RESET, as an input, initializes the microcontroller; as 
RESET |/O | an open-drain output, RESET indicates an internal failure was detected by the 
watchdog or oscillator fault circuit. 
Mode control (MC) pin. MC enables EEPROM write-protection-override (WPO) 
MC mode, also EPROM Vpp. 
XTAL2/CLKIN 29 31 Internal oscillator crystal input/external clock source input 
XTAL1 30 32 Internal oscillator output for crystal 


— SEE 31,57 | 33, 61 ee Positive supply voltage 
RSet Se 15, 63 Ee Positive supply voltage for digital I/O 
aie fie an O = output 


+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Also, port D3 can be configured as SYSCLK. 
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Pin Descriptions (Continued) 


ALTERNATE PSpDIP | PLCC | /oT DESCRIPTION 
FUNCTION (64) (68) 
Vssi fame Bee SS 58, 40 ie Ground reference for digital logic 


2 aes oi 2 ae Ground reference for digital |/O logic 


FUNCTION Easel Single-chip mode: Port D is a general-purpose bidirectional I/O port. Each of 


the port D pins can be individually configured as a general-purpose |/O pin, 
primary memory control signal (function A), or secondary memory control 
signal (function B). All chip selects are independent and can be used for 
memory bank switching. Refer to Table 1 for function A memory accesses. 


1/O pin A: Chip-select eighth output 2 goes low during memory accesses. 
1/O pin B: Opcode fetch goes low during the opcode fetch memory cycle. 


1/O pin A: Chip-select half output 3 goes low during memory accesses. 
1/O pin B: Reserved 


1/O pin A: Chip-select half output 2 goes low during memory accesses. 
1/O pin B: Reserved 


1/O pin A, B: Internal clock signal is 1/1 (PLL) or 1/4 XTAL2/CLKIN 
frequency. 


1/0 pin A, B: Read/write output pin 


1/O pin A: Chip-select peripheral output for peripheral file goes low during 
memory accesses. 
1/O pin B: Reserved 


1/O pin A: Chip-select half output 1 goes low during memory accesses. 
1/O pin B: External data strobe output goes low during memory accesses 
from external memory and has the same timings as the five chip selects. 


1/O pin A: Chip-select eighth output goes low during memory accesses. 
1/O pin B: Wait input pin extends bus signals. 


Port G is a general-purpose bidirectional port. 


T1IC/CR Timer1 input capture/counter reset input or general-purpose bidirectional 


pin 
T1IPWM Timer1 pulse-width-modulation (PWM) output pin/ general-purpose 
bidirectional pin 

iei~'25 Timer1 external event input pin/ general-purpose bidirectional pin 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 also can be configured as SYSCLK. 


Table 1. Function A: Memory Access Locations for ’xBx Devices 


CSE 
oSh 
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functional block diagram 


EO-E7 
eee or 
INT1 INT2 INT3 XTAL1 XTAL2/ MC RESET ANO-AN7 
CLKIN A 
RRS SERENA BE IRE VP PRE SR! itibasicdiadas ot 


es Vcc3 
Clock Options: we: Analog-to-Digital 
Divide-by-4 or | System Control : 
hy : Converter 
Divide-by-1(PLL) 
| Vss3 


RAM 
I T1IC/CR 
Data EEPROM _ bid 
256 Bytes ps re RE AE eat ee TIPWM 


Program Memory 
ROM: 16K Bytes 


Watchdog 


_ Memory Expansion = 


Vcci 
Vssi 


pte 
ddress LSbyte 
dress MSbyte 


d 


jrota |] pone |] rote || ronot || pone [] pow [OO 
oe 
T For the 64-pin devices, there are only six pins for port D. 
+ These pins are not available for the 64-pin devices. 


Vss2* Vecat 


description 


The TMS370COB6 is a member of the TMS370 family of single-chip 8-bit microcontrollers. Unless otherwise 
noted, the term TMS370CxBx refers to this device. The TMS370 family provides cost-effective real-time system 
control through integration of advanced peripheral function modules and various on-chip memory 
configurations. 


The TMS370CxBx family is implemented using high-performance silicon-gate CMOS EEPROM technology. 
The low-operating power, wide-operating temperature range, and noise immunity of CMOS technology, coupled 
with the high performance and extensive on-chip peripheral functions make the TMS370CxBx devices attractive 
in system designs for automotive electronics, industrial motor control, computer peripheral control, 
telecommunications, and consumer application. 
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All TMS370CxBx devices contain the following on-chip peripheral modules: 


@® Ejight-channel, 8-bit analog-to-digital converter 1 (ADC1) 
@ One 24-bit general-purpose watchdog timer 
@ One 16-bit general-purpose timer with an 8-bit prescaler 


Table 2 provides a memory configuration overview of the TMS370CxBx device. Also shown are the two 
recommended development devices — the TMS370C758 (one-time programmable) and SE370C758 
(reprogrammable). 


Table 2. Memory Configurations 


PROGRAM OFF-CHIP 


DATA MEMORY OPERATING PACKAGES 


DEVICE prieecra MEMORY (BYTES) MODES 68-PIN PLCC/CLCC, OR 
ith EXPANSION 64-PIN PSDIP/CSDIP 
Taow [epaow| (@vTes) | maw [ezpnow [uct [PF 
TMS370CxBx 


Prussvoconea «dL weKT — | vox | oe | 250 |v | V | FN-PLCO/NW-PODP 


TMS370C758 


TMS370C758A 
SE370C758A8, 


t uC — Microcomputer mode 
t iLP — Microprocessor mode 
§ System evaluators and development tools are for use only in a prototype environment, and their reliability has not been characterized. 


The suffix letter A appended to the device names shown in the device column of Table 2 indicates the 
configuration of the device. ROM and EPROM devices have a different configuration as indicated in Table 3. 
ROM devices with the suffix letter A are configured through a programmable contact during manufacture. 


Table 3. Suffix Letter Configuration 


DEVICE WATCHDOG TIMER CLOCK LOW-POWER MODE 


EPROM A Divide-by-4 (Standard oscillator) Enabled 
EPROM B Divide-by-1 (PLL) Enabled 


Standard 


1l Refer to the “device numbering conventions” section for device nomenclature and the “device part numbers” section for ordering. 


The 16K bytes of mask-programmable ROM in the associated TMS370COB6 device is replaced in the ’°370C758 
with 32K bytes of EPROM. One-time programmable device (TMS370C758) and the reprogrammable device 
(SE370C758) offer an additional 640 bytes of RAM and three on-chip peripheral modules (serial 
communications interface 1, serial peripheral interface, and timer 2A), while having the same EEPROM and 
off-chip memory expansion size. The ’*xBx and ’x5x devices have similar pinouts, except for nine of the pins. 
Nevertheless, these pins on the ’x5x are configurable as general-purpose I/O as required by the ’xBx device 
and shown in Table 4. 


Divide-by-4 or Divide-by-1 (PLL) Enabled or disabled 
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description (continued) 


Table 4. Conversion Table 


/-- PINS... | TMS370COB6A TMS370C758 


| NAME DESCRIPTION 


T2AEVT Timer2A external event input pin/general-purpose bidirectional pin 
T2AIC2/PWM | Timer2A input capture 2/PWM output pin/general-purpose bidirectional pin 


T2AIC1/CR ae input capture 1/counter reset input pin/general-purpose bidirectional 


SCICLK SCI bidirectional serial clock pin/general-purpose bidirectional pin 
bidirectional port SCIRXD | SCI receive data input pin/general-purpose bidirectional pin 


SCITXD SCI transmit data output pin/general-purpose bidirectional pin 
SPICLK SPI bidirectional serial clock pin/general-purpose bidirectional pin 
SPISIMO SPI slave input pin, master output pin/general-purpose bidirectional pin 


48 
Port H 
47 49 HO general-purpose SPISOMI SPI slave output pin, master input pin/general-purpose bidirectional pin 
bidirectional port 


Refer to the TMS370Cx5x data sheet (literature number SPNS0O10) or the 7TMS370 Family User’s Guide 
(literature number SPNU127) for detailed information because the addresses and the control register 
manipulators to these associated pins/ports are different between the ’xBx and the ’x5x devices. 


TMS370C758 OTP devices are available in plastic packages. This microcontroller is effective for use in 
immediate production updates for the TMS370COB6 device or for low-volume production runs when the mask 
charge or cycle time for the low-cost mask ROM devices is not practical. 


The SE370C758 has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development/prototyping phase of design. The SE370C758 devices allow quick updates to 
breadboards and prototype systems while iterating initial designs. 


The TMS370CxBx family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity (that is, no instructions are executed). In 
the STANDBY mode, the internal oscillator and the general-purpose timer remain active. In the HALT mode, 
all device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370CxBx features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370CxBx family is fully 
instruction-set-compatible, providing easy transition between members of the TMS370 8-bit microcontroller 
family. 


For large memory applications, the TMS370CxBx family provides an external bus with non-multiplexed address 
and data. Precoded memory chip select outputs can be enabled, which allows minimum-chip-count system 
implementations. Wait state support facilitates performance matching between the CPU and external memory 
and the peripherals. All pins associated with memory expansion interface are individually software configurable 
for general-purpose digital input/output pins when operating in the microcomputer mode. 
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The TMS370CxBx family provides the system designer with very economical, efficient solutions to real-time 
control applications. The TMS370 family extended development system (XDS™) and compact development 
tool (CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370CxBx into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C language, and the output code can be generated by the linker. The TMS370 family 
XDS development tools communicate through a standard RS-232-C interface with an existing personal 
computer. This allows the designer to use familiar personal-computer editors and software utilities. Precise 
real-time in-circuit emulation and extensive symbolic debug and analysis tools ensure efficient software and 
hardware implementation as well as reduced time-to-market cycle. 


The TMS370CxBx family together with the TMS370 family XDS/22, CDT370, starter kit, software tools, the 
SE370C758 reprogrammable device, comprehensive product documentation, and customer support provide 
a complete solution to the needs of the system designer. 


modes 


The TMS370CxBx has four operating modes, two basic modes with each mode having two memory 
configurations. The basic operating modes are the microcomputer and microprocessor modes, which are 
selected by the voltage level applied to the dedicated MC pin two cycles before the RESET pin goes inactive. 
The two memory configurations are then selected through software programming of the internal system 
configuration registers. The four operating modes are the microcomputer single chip, microcomputer with 
external expansion, microprocessor without internal program memory, and microprocessor with internal 
program memory. These modes are described in the following list. 


® Microcomputer single chip mode: 
— Operates as a self-contained microcomputer with all memory and peripherals on chip 
— Maximizes the general-purpose I/O capability for real-time control applications 

@ Microcomputer with external expansion mode: 


— Supports bus expansion to external memory or peripherals, while all on-chip memory (RAM, ROM, and 
data EEPROM) remains active 


— Configures digital I/O ports (ports A, B, C, and D) through software, under control of the associated port 
control, to become external memory as follows: 


— Port A: 8-bit data memory 
— Port B and Port C: 16-bit address memory 
— Port D: 8-bit control memory (pin not used as function A or B can be configured as I/O) 


— Utilizes the pins available (not used for address, data, or control memory) as general-purpose 
input/output by programming them individually 


— Lowers the system cost by not requiring an external address/data latch (address memory and data 
memory are nonmultiplexed) 


— Reduces external interface decode logic by using the precoded chip-select outputs that provide direct 
memory/peripheral chip-select or chip-enable functions 


— Function A maps up to 112K bytes of external memory into the address space by using CSE1, CSE2, 
CSH1, CSH2, and CSH3 as memory-bank selects under software control 


XDS and CDT are trademarks of Texas Instruments Incorporated. 
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modes (continued) 


— Function B maps up to 40K bytes of external memory into the address space by using EDS under 
software control 


@ Microprocessor without internal program memory mode: 


— PortsA, B, C, and D (these ports are not programmable) become the address, data, and control buses 
for interface to external memory and peripherals. 


— On-chip RAM and data EEPROM remain active, while the on-chip ROM is disabled. 
— Program area and the reset, interrupt, and trap vectors are located in off-chip memory locations. 
@ Microprocessor with internal program memory mode: 


— Configured as the microprocessor without internal program-memory mode with respect to the external 
bus interface 


— Application program in external memory enables the internal program ROM to be active in the system. 
(Writing a zero to the MEMORY DISABLED control bit (SCCR1.2) of the SCCR1 control register 
accomplishes this.) 


memory/peripheral wait operation 


The TMS370CxBx enhances interface flexibility by providing WAIT-state support, decoupling the cycle time of 
the CPU from the read/write access of the external memory or peripherals. External devices can extend the 
read/write accesses indefinitely by placing an active low on the WAIT input pin. The CPU continues to wait as 
long as WAIT remains active. 


Programmable automatic wait-state generation is provided also by the TMS370CxBx on-chip bus controller. 
Following a hardware reset, the TMS370CxBx is configured to automatically add one wait state to all external 
bus transactions, and memory and peripheral accesses, making every external access a minimum of three 
system clock cycles. The designer can disable the automatic wait-state generation if the AUTOWAIT DISABLE 
bit in SCCR1 is set to 1. Also, all accesses to the upper four frames of the peripheral file can be extended 
independently to four system clock cycles if the PF AUTO WAIT bit in SCCRO is set to 1. Programmable wait 
states can be used in conjunction with the external WAIT pin. In applications where the external device 
read/write access can interface with the TMS370CxBx CPU using one wait state, the automatic wait-state 
generation can eliminate external WAIT interface logic, lowering system cost. 


central processing unit (CPU) 


The CPU used on the TMS370CxBx device is the high-performance 8-bit TMS370 CPU module. The ’xBx 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’xBx instruction set is summarized in Table 17. Figure 1 illustrates the CPU registers 
and memory blocks. 


16-10 
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central processing unit (CPU) (continued) 


15 oe Counter 0 


7 Stack Pointer (SP) 0 Legend: 


N=Negative IE2=Level2 interrupts Enable 
Status ic gister ie Z=Zero 1E1=Level1 interrupts Enable 


TG BS RH gy AS 


0000h 


OOFFh 
0100h 


017Fh 


— — - 384 Bytes RAM (0000h — 017Fh) — — — 


RAM (Includes 256-Byte Registers File) 


1000h 
Peripheral File 
co coh tn i ae 
. 1 
Peripheral Expansion 
a GREER. 
Reservedt 
& Data EEPROM, 256 Bytes (1F00h-1FFFh) iran 
1FFFh 
Memory Expansion 2000h 
3FFFh 
007Fh 4000h 
16K-Byte ROM (4000h-—7FFFh) 
pees nome bate ee reeon 
interrupts and Reset Vectors; Trap Vectors 7FFFh 
Memory Expansion S000n 
OOFFh FFFFh 


Tt Reserved means that the address space is reserved for future expansion. 


Figure 1. Programmer’s Model 
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The ’*xBx CPU architecture provides the following components: 
@ CPU registers: 
— Astack pointer that points to the last entry in the memory stack 


— Astatus register that monitors the operation of the instructions and contains the global-interrupt-enable 
bits 


— Aprogram counter (PC) that points to the memory location of the next instruction to be executed 
@ Amemory map that includes: 


— 384 bytes of general-purpose RAM that can be used for data memory storage, program instructions, a 
general-purpose register, or the stack (can be located only in the first 256 bytes) 


— Aperipheral file that provides access to all internal peripheral modules, system-wide control functions, 
and EEPROM programming control 


— A 256-byte EEPROM module that provides in-circuit programmability and data retention in power-off 
conditions 


— 16K bytes of ROM program memory 
stack pointer (SP) 


The SP is an 8-bit CPU register. The stack operates as a last-in, first-out, read/write memory and is typically 
used to store the return address on subroutine calls as well as the status register contents during interrupt 
sequences. 


The SP points to the last entry or to the top of the stack. The SP increments automatically before data is pushed 
onto the stack and decrements after data is popped from the stack. The stack can be located only in the first 
256 bytes of the on-chip RAM memory. 


status register (ST) 


The ST monitors the operation of the instructions and contains the global-interrupt-enable bits. The ST includes 
four status bits (condition flags) and two interrupt-enable bits: 


@ The four status bits indicate the outcome of the previous instruction. Conditional instructions (for example, 
the conditional jump instructions) use these status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 


The ST register and status bit notation are shown in Table 5. 


Table 5. Status Register 


DET OSE LEE AS SO EL AS SS 
RW-0 


RW-0 RW-0 RW-0O RW-0O RW-0O 
R = read, W = write, 0 = value after reset 
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central processing unit (CPU) (continued) 


program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most-significant byte (MSbyte) and least-significant byte (LSbyte) of a 16-bit address. 


The contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter during reset. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
4000h as the contents of memory locations 7FFEh and 7FFFh (reset vector). 


Program Counter (PC) 
Memory PCH PCL 


oie PS 


Figure 2. Program Counter After Reset 


memory map 


The TMS370CxBx architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. In the expansion mode, external memory peripherals are also memory-mapped into this 
common address. As shown in Figure 3, the TMS370CxBx provides a 16-bit address range to access internal 
or external RAM, ROM, data EEPROM, peripheral functions, and system-interrupt vectors. 


The peripheral file contains all input/output port control, on- and off-chip peripheral status and control, EEPROM 
programming, and system-wide control functions. The peripheral file consists of 256 contiguous addresses 
located from 1000h to 10FFh. The 256 contiguous addresses are logically divided into 16 peripheral file frames 
of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through which peripheral control and 
data information is passed. The TMS370CxBx has its on-chip peripherals and system control assigned to 
peripheral file frames 1 through 7, addresses 1010h through 107Fh. 
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memory map (continued) 


OB6 ‘OB6 OB6 Peripheral File Control Registers 


384-Byte RAM System Control 1010h-101Fh 


Timer1 Peripheral Contr. | 4949h-104Fh 


1060h-106Fh 


1080h—10BFh 
Peripheral Expansion 


Reservedt 
Vectors 


256-Byte Data EEPROM Trap 15-0 7FCOh-7FDFh 
panda vt 7FEOh-7FEBN 
Memory Expansion ADC1 7FECh-7FEDh 
4000 7FFPh | Reserved 
(4000h-7FFFh) Reserved 7FFOh-7FFih 


ls aaa Ee Reserved 
Interrupts and Reset paper) fFeh-7FFSh 
—— 
Interrupt 3 7FF8h-7FF9h 
Memory Expansion Interrupt 2 7FFAh-7FFBh 
Interrupt 1 7FFCh-7FFDh 


External§ 


= 


Not Availablet 


External 


Not Availablet 


Microcomputer Microcomputer Microprocessor With Microprocessor Modell 
Single-Chip Mode Mode With External Internal Program 
Expansion Memory 


On-Chip For TMS370COB6 Devices 


Tt Reserved = the address space is reserved for future expansion. 

+ Not available = address space is unavailable in the particular mode illustrated by that block. 

§ Precoded chip-select outputs available on external expansion bus. 

l Microprocessor mode is designed for ROMless device, ROM and EPROM devices also can be used in this mode but all on-chip memory is 
ignored. 


Figure 3. TMS370CxBx Memory Map 


RAM/register file (RF) 


Locations within RAM address space can serve as either register file or general-purpose read/write memory, 
program memory, or stack instructions. The TMS370CxBx device contains 384 bytes of internal RAM mapped 
beginning at location 0000h and continuing through location 017Fh, as shown in Figure 3. The first 256 bytes 
of RAM (0000h — OOFFh) are the register files, RO through R255. 


The first two registers, RO and R1, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
stack pointer is contained in register B. Registers A and B are the only registers cleared on reset. 
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peripheral file (PF) 


The TMS370CxBx control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the peripheral file (PF) 
directly. These instructions designate the register by the number of the PF relative to 1000h, preceded by PO 
for a hexadecimal designator or by P for a decimal designator. For example, the system control register 0 
(SCCRO) is located at address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal 
designator is P16. Table 6 shows the TMS370CxBx peripheral files. 


Table 6. TMS370CxBx Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


data EEPROM 


The TMS370CxBx devices contain 256 bytes of data EEPROM beginning at location 1F00h, and continuing 
through location 1FFFh. Writing to the data EEPROM module is controlled by the data EEPROM control register 
(DEECTL) and the write-protection register (WPR). Programming algorithm examples are available in the 
TMS370 Family User’s Guide (literature number SPNU127), or the TMWS370 Family Data Manual (SPNSO14B). 
The data EEPROM features include the following: 


@ Programming: 
— Bit, byte, and block write/erase modes 
— Internal charge pump circuitry: No external EEPROM programming voltage supply is needed. 


— Control register: Data EEPROM programming is controlled by the data EEPROM control register 
(DEECTL) located in the PF frame beginning at location PO1A. 


—  In-circuit programming capability: There is no need to remove the device to program. 
@ Write-protection: Writes to the data EEPROM are disabled during the following conditions: 
— Reset: All programming of the data EEPROM module is halted. 
— Write protection active: there is one write-protect bit per 32-byte EEPROM block. 
— Low-power mode operation 
® Write protection can be overridden by applying 12 V to MC. 


Table 7 shows the memory map of the control registers. 


Table 7. Data EEPROM Control Register Memory Map 


101Ah (PO1A) DEECTL Data EEPROM control register 
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program ROM 


The program ROM consists of 16K bytes of mask-programmable ROM. The program ROM is used for 
permanent storage of data or instructions. Programming of the mask ROM is performed at the time of device 
fabrication. Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments (TI™), and 
addresses 7FECh through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, used with TRAPO 
through TRAP15 instructions, are located between addresses 7FCOh and 7FDFh. 


system reset 


The system-reset operation ensures an orderly start-up sequence for the TMS370CxBx CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
internally generated, while one (RESET) is controlled externally. These actions are as follows: 


@ External RESET pin. A low level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle (it is possible, however, that a signal of less than one SYSCLK 
could cause a reset). See the 7MS370 User’s Guide (literature number SPNU127) or the TMS370 Family 
Data Manual (SPNS014B) for more information. 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer timeout . See the 7MS370 User's 
Guide (literature number SPNU127) or the 7MS370 Family Data Manual (SPNS014B) for more information. 


@ Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the 7MS370 User’s Guide (literature number SPNU127) or the 7TMS370 Family Data Manual 
(SPNS014B) for more information. 


Once a reset source is activated, the external RESET pin is driven (active) low for a minimum of eight SYSCLK 
cycles. This allows the ’*xBx device to reset external system components. Additionally, if a cold-start condition 
(Vcc is off for several hundred milliseconds), oscillator failure occurs, or RESET pin is held low, then the reset 
logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator fault flag (OSC FLT FLAG, SCCRO.4), the cold start flag 
(COLD START, SCCRO.7), and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 8 depicts the reset sources. 


Table 8. Reset Sources 


[REGISTER [ ADDRESS | PF | _BITNO 
[—sccro | 1010» | Poo 


Once a reset is activated, the following sequence of events occurs: 

The CPU registers are initialized: ST = OOh, SP = O1h (reset state). 

Registers A and B are initialized to OOh (no other RAM is changed). 

The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


Ee heen es 


Program execution begins with an opcode fetch from the address pointed to by the PC. 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. During RESET the two basic operating modes, which are the 


Tl is a trademark of Texas Instruments Incorporated. 
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system reset (continued) 


microcomputer and microprocessor modes, can be selected by applying the desired voltage level to the 
dedicated MC pin two cycles before RESET goes inactive (refer to the operating modes description). 


RESET must be held low until the clock signal is valid and Vcc; is within the operating range, when an external 
reset circuit is connected to RESET. Figure 4 shows a typical reset circuit. 


Vcc1 To Other Device Resets 


TMS370 


Reset In 


I+ Reset Out 


Figure 4. Typical Reset Circuit 


interrupts 


The TMS370 family software programmable interrupt structure permits flexible on-chip and external-interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware-interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global-interrupt mask bits (IE1 and IE2) of 
the status register. 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is configured selectively on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion for future modules. Pending 
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and 
priority conditions. 


The TMS370CxBx has five hardware system interrupts (plus RESET) as shown in Table 9. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. All of the interrupt sources are individually maskable by local interrupt-enable control bits in 
the associated PF. Each interrupt source FLAG bit is individually readable for software polling or determining 
which interrupt source generated the associated system interrupt. The interrupt control block diagram is 
illustrated in Figure 5. 
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interrupts (continued) 


EXT INT 3 


EXT INT 2 


TIMER 1 


O 
INT3 PRI 


Overflow ; 


Compare1 3a 
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Compare2 
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Input Capture 1 2 
Watchdog = 


Priority 
Logic 


SA is eae ee gue 


Level 2 INT 


Figure 5. Interrupt Control 


Of the five system interrupts, two are generated by on-chip peripherals (T1INT and ADINT) and three are 
external interrupts (INT1 — INT3). Software configuration of the external interrupts is performed through the 
INT1, INT2, and INTS control registers in PF frame 1. 


Each external interrupt is individually software configurable for input polarity (rising or falling edge) for ease of 
system interface. External interrupt INT1 is software configurable as either a maskable or non-maskable 
interrupt. When INT1 is configured as non-maskable, it cannot be masked by the individual- or global-enable 
mask bits. The INT1 NMI bit is protected during non-privileged operation and therefore should be configured 
during the initialization sequence following reset. To maximize pin flexibility, external interrupts INT2 and INT3 
can be software configured as general-purpose input/output pins if the interrupt function is not required (INT1 
can be similarly configured as an input pin). Table 9 shows the interrupt vector sources, corresponding 
addresses, and hardware priorities. 
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interrupts (continued) 


Table 9. Hardware System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 


External RESET COLD START 
Watchdog overflow WD OVREL INT FLAG RESET+ 7FFEh, 7FFFh 1 
Oscillator fault detect OSC FLT FLAG 


External INT1 INT1 FLAG INT1+ 7FFCh,7FFDh =| 2 
External INT2 INT2 FLAG INT2+ 7FPAN TEPER Ls Ge ce 
External INT3 INT3 FLAG INT3t 7FF8h, 7FF9h 
Timer 1 external edge T1EDGE INT FLAG 
Timer 1 input capture 1 T1IC1 INT FLAG 

+ Releases microcontroller from STANDBY and HALT low-power modes. 

§ Releases microcontroller from STANDBY low-power mode. 


Timer 1 overflow Ti OVRFL INT FLAG 
Timer 1 compare 1 T1C1 INT FLAG 

Timer 1 compare 2 T1C2 INT FLAG T1INTS 7FF4h, 7FF5h 

Watchdog overflow WD OVREFL INT FLAG pm fmm fe 
[A/D conversioncomplete SS FADINTFLAG | ADINT | 7FECh,7FEDn | 
t Relative priority within an interrupt level. 


privileged operation and EEPROM write-protection override 


The TMS370CxBx family has significant flexibility to enable the designer to software-configure the system and 
peripherals to meet the requirements of a broad variety of applications. The nonprivileged mode of operation 
ensures the integrity of the system configuration, once it is defined for an application. Following a hardware 
reset, the TMS370CxBx operates in the privileged mode, where all peripheral file registers have unrestricted 
read/write access, and the application program configures the system during the initialization sequence 
following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) should be set 
to 1 to enter the nonprivileged mode, thus disabling write operations to specific configuration control bits within 
the peripheral file. Table 10 displays the system configuration bits that are write-protected during the 
nonprivileged mode and must be configured by software prior to exiting the privileged mode. 


Table 10. Privileged Bits 


REGISTER’ 
CONTROL BIT 
LOCATION 
P010.5 PF AUTOWAIT 
SCCRO P010.6 OSC POWER 


ees PO11.2 MEMORY DISABLE 
PO11.4 AUTOWAIT DISABLE 
PRIVILEGE DISABLE 
INT1 NMI 
CPU STEST 
BUS STEST 
PWRDWNI/IDLE 
HALT/STANDBY 
PO4E6 T1 PRIORITY 
TIPRI PO4E7 T1 STEST 
PO7F.5 AD ESPEN 
ADPRI PO7F6 AD PRIORITY 
PO7E7 AD STEST 


1 The privileged bits are shown in a bold typeface in Table 12. 
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privileged operation and EEPROM write-protection override (continued) 


The write-protect-override (WPO) mode provides an external hardware method of overriding the 
write-protection registers of data EEPROM on the TMS370CxBx. Applying a 12-V input to the MC pin after the 
RESET input goes high (logic 1) enters the WPO mode. The high voltage on MC during the WPO mode is not 
the programming voltage for the data EEPROM. All EEPROM programming voltages are generated on-chip. 
The WPO mode provides hardware system level capability to modify the content of the data EEPROM while 
the device remains in the application but only while requiring a 12-V external input on the MC pin (normally not 
available in the end application except in a service or diagnostic environment). 


low-power and IDLE modes 


The TMS370COB6 device has two low-power modes (STANDBY and HALT) and an IDLE mode. For mask-ROM 
devices, low-power modes can be disabled permanently through a programmable contact at the time the mask 
is manufactured. 


The STANDBY and HALT low power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the idle instruction when the PWRDWNWN/IDLE bit in register SCCR2 has been set to 1. 
The HALT/STANDBY bit in SCCR2 controls which low-power mode is entered. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity is stopped; 
however, the oscillator, internal clocks, and timer 1 remain active. System processing is suspended until a 
qualified interrupt (hardware RESET, external interrupt on INT1, INT2, INT3, or Timer 1 interrupt) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370COB6 is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET or an external interrupt on INT1, INT2, INT3) is detected. 
The low-power mode selection bits are summarized in Table 11. 


Table 11. Low-Power/Idle Control Bits 


| POWER-DOWN CONTROL BITS | 
SN ONTO SS HALT/STANDBY MODE SELECTED 
a 6) (SCCR2.7) 


X = don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits is ignored. In addition, if an IDLE instruction is executed when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI always is generated, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (stack pointer, program counter, and status register), I/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU instruction processing is stopped during the 
STANDBY and HALT modes, the clocking of the watchdog timer is inhibited. 
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clock modules 


The ‘370CxBx family provides two clock options which are referred to as divide-by-1 (PLL) and divide-by-4 
(standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the manufacturing 
process of a TMS370 microcontroller. The ‘370CxBx ROM-masked devices offer both options to meet system 
engineering requirements. Only one of the two clock options is allowed on the ROM device. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 provides a 1-to-1 match of the external resonator frequency (CLKIN) to the internal system clock 
(SYSCLK) frequency. The divide-by-4 produces a SYSCLK which is one-fourth the frequency of the external 
resonator. Inside the divide-by-1 module, the frequency of the external resonator is multiplied by four. The clock 
module then divides the resulting signal by four to provide the four-phased internal system clock signals. The 
resulting SYSCLK is equal to the resonator frequency. The frequencies are formulated as follows: 


Divide-by-4 option : SYSCLK = __external resonator frequency _ CLKIN 


4 4 
Divide-by-1 option : SYSCLK = eee XS = CLKIN 


The main advantage of choosing a divide-by-1 oscillator is the reduction of EMI. The harmonics of low-speed 
resonators extend through less of the emissions spectrum than the harmonics of faster resonators. The 
divide-by-1 provides the capability of reducing the resonator speed by four times, and this results in a steeper 
decay of emissions produced by the oscillator. 


system configuration registers 


Table 12 contains system configuration and control functions and registers for controlling EEPROM 
programming. The privileged bits are shown in a bold typeface and shaded. 


Table 12. Peripheral File Frame 1: System Configuration Registers 


REG 
SCCRO 
_ MEMORY — 


Reserved 


INT1 INT1 INT1 INT1 INT1 INT 
FLAG PIN DATA POLARITY PRIORITY ENABLE 
P01 INT2 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
6 FLAG PIN DATA DATA DIR DATA OUT | POLARITY PRIORITY ENABLE 
Po19 INT3 INT3 INT3 INT3 INT3 INT3 INT3 INT3 
0 FLAG PIN DATA DATA DIR DATA OUT | POLARITY PRIORITY ENABLE 
pn mee fe ee ee DEECTL 


sal TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 16-21 


TMS370CxBx 
8-BIT MICROCONTROLLER 


SPNS038A — JANUARY 1996 — REVISED MARCH 1996 


digital port control registers 
Peripheral file frames 2 and 3 contain the digital I/O pin configuration and control registers. Table 13 displays 
the specific addresses, registers, and control bits within this peripheral file frame. 


Table 13. Peripheral File Frames 2 and 3: Digital Port Control Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


PF REG 


po27 BDI 

Poze CPORT 

P029 Port C Control Register 2 CPORT2 

P20 DPORT 

P02 DPORT? 
to Reserved 

P035 


PO3A HDATA 


a 
Port H 
Reserved Reserved Reserved Reserved Reserved Reserved Reserved Direction 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = O8h. 


PO3B HDIR 
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digital port control registers (continued) 


Table 14. Port Configuration Register Setup 


XPORT1 = oT XPORT1 = oT XPORT1 = oT XPORT1 = 1T 
XPORT2 = 0 XPORT2 = 0 XPORT2 = 1 XPORT2 = 1 
XDATA = y XDATA = q XDATA = x XDATA = x 
XDIR = 1 XDIR = x XDIR = x 


Cc 


SYSCLK 
R/W 


EDS 
WAIT 


7 Datany Daa outa 


XPORT1 = 1 
XPORT2 = 
Not defined 
XDATA = x 
XDIR = x 


The programmable timer 1 (T1) module of the TMS370CxBx provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers, T1 and WD, allow program selection of input clock 
sources (real-time, external event, or pulse-accumulate) with multiple 16-bit registers (input capture and 
compare) for special timer function control. The T1 module includes three external device pins that can be used 
for multiple counter functions (operation-mode dependent) or used as general-purpose I/O pins. T1 module is 
shown in Figure 6. 


Data In y Data Out q 


0 
{ 
2 
3 
4 
= 
6 
Fg 


Tt DPORT only 


timer 1 module 
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timer 1 module (continued) 


Edge 
Select 


16-Bit 
Capt/Comp 
Register 


16-Bit 
Counter 


16-Bit 


Compare interrupt 


<< THEVT > | 8-Bit Register Logic 
Prescaler 
Interrupt 
; Logic 
16-Bit 
Watchdog Counter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@® Three T1 I/O pins: 
— T1IC/CR: Timer 1 input capture / counter reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: Timer 1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: Timer 1 event input pin, or general-purpose bidirectional |/O pin 
@ Two operational modes: 
— Dual-compare mode: provides PWM signal 
— Capture/compare mode: provides input capture pin 
@ One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register. 


@ One 16-bit watchdog counter that can be used as an event counter, a pulse accumulator, or an interval timer 
if watchdog feature is not needed. 


@ Prescaler/clock sources that determines one of eight clock sources for general-purpose timer 


® Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR). 
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timer 1 module (continued) 


@ Interrupts that can be generated on the occurrence of: 
—- Acapture 
— Acompare equal 
— Acounter overflow 
— An external edge detection 
@® Sixteen T1 module control registers: Located in the PF frame beginning at address P040. 


Table 15 shows the T1 module control register. 


Table 15. Timer 1 Module Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Modes: Capture/Compare and Dual-Compare 
Bit 15 T1 Counter MSbyte Bit8 | TICNTR 


PF REG 


P040 


P0O41 | Bit7 T1 Counter LSbyte Bit O 
P042 | Bit 15 Compare Register MSbyte Bit8 |} T1C 
P043 | Bit 7 Compare Register LSbyte Bit 0 


P044 
P045 


Bit 15 Capture/Compare Register MSbyte Bit8 | T1CC 
Bit 7 Capture/Compare Register LSbyte Bit 0 


PO46 | Bit 15 Watchdog Counter MSbyte Bit8 |} WOCNTR 
P047 | Bit 7 Watchdog Counter LSbyte Bit O 
P048 | Bit 7 Watchdog Reset Key BitO |} WORST 


T1 T1 
WD OVRFL INPUT INPUT T1 INPUT 


t 
IES SELECT2T | SELECTiT | SELECTOT SELECT2 SELECT1 nie ot 
WD OVRFL | WD OVRFL | WD OVRFL | T1 OVRFL | T1 OVRFL T1 SW 
RST ENAT INT ENA INT FLAG INT ENA INT FLAG RESET 
Mode: Dual-Compare 
T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
T1 T1C1 T1C2 T1C1 T1CR T1EDGE TiCR T1EDGE 
MODE = 0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY | RSTENA DET ENA 
Mode: Capture/Compare 
T1EDGE T1C1 T1EDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 T1EDGE T1EDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Modes: Capture/Compare and Dual-Compare 
T1EVT TIEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION | DATADIR 
TIPWM T1PWM T1PWM T1PWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION | DATA DIR 


Tt Once the WD OVREL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 


P049 T1CTL1 


PO4A TICTL2 


PO4B TiICTL3 


P04C TICTL4 


P04B T1ICTL3 


P04C T1ICTL4 


P04D T1iPC1 


PO4E T1PC2 


PO4F T1PRI 
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timer 1 module (continued) 


The T1 capture/compare mode block diagram is illustrated in Figure 7. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 


bit 0, in the T1CTL2 register. 


Poth 52 ae T1C1 
sey Register MSB OUT ENA | , I( 1T1PC2.7-4 
Psst Ze T1CTL4.6) | 8 <TiPWM> 
° 
= 
T1CNTR. 15-0 por 
LSB 16-Bit 


MSB Counter 


& Reset 
T1 SW 


RESET 


T1C1 INT FLAG 


(T1c7L3.8).0 


( T1C.15-0) 


T1C1 INT ENA 
16-Bit LSB 
T1CTL2.0 T1C1 Compare . 
RST ENA Register MSB 
© O 
T1 OVRFL INT FLAG 
T1CTL4.4 TiCTL23\-0 
T1CTL2.4 
T1 OVRFL INT ENA 
T1PC2.3-0 
TIEDGE DET ENA 
<T1IC/CR> Edge T1EDGE INT FLAG 
© ole”. T1CTL3.7}-0 
{ TICTL4.0 ) 
TICTL3.2 
TICTL42 TIEDGE INT ENA 


TIEDGE POLARITY 


Figure 7. Capture/Compare Mode 
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timer 1 module (continued) 


The T1 dual-compare mode block diagram is illustrated in Figure 8. The annotations on the diagram identify 
the register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, 
bit 0, in the T1CTL2 register. 


16-Bit op 


T1C2 INT FLAG 


Capt/Comp 


Prescal 
pai Register MSB T1CTL3.6 Output 
Source : TICTL3.1 sched 
T1C2 INT ENA 
TCTEAS 
TICNTR.15-0 
rN 0-0 T1PC2.7-4 
LSB 16-Bit T1C2 OUTENA | | 
Msp Counter T1C1 INT FLAG TICTL4.6) | @ TiPWM 
T1CTL3.5 onmile nC 
neers T1C1 OUT ENA 
T1C1 T1C.15-0 bch T1CTL4.3 
1tSwW RST ENA 
RESET aan con T1C1 INT ENA 
TICTL2.0 TICTLAA Compare T1CR OUT ENA 
Register MSB 
@ ® 
oO T1 OVRFL INT FLAG 
TICTL4.1 TICTL2.3 


T1CR 


T1PC2.3-0 RST ENA TICTL2.4 
T1 OVREFL INT ENA sitesi aii 
O -TIPRIORITY ~ 


TICTL4.0 T1EDGE INT FLAG CriPRié) 0 Level 1 int 


T1EDGE DET ENA se ge 
TICTL4.2 
T1EDGE POLARITY TICTL3.2 


T1EDGE INT ENA 


Figure 8. Dual-Compare Mode 
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timer 1 module (continued) 


The TMS370CxBx device includes a 24-bit watchdog (WD) timer, contained in the T1 module, which can be 
software programmed as an event counter, pulse accumulator, or interval timer if the WD function is not used. 
The WD function is to monitor software and hardware operation, and it implements a system reset when the 
WD counter is not serviced properly (WD counter overflow or WD counter is reinitialized by an incorrect value). 
The WD can be configured as one of the three mask options: standard WD, hard WD, or simple counter. 


@ Standard watchdog configuration for mask-ROM devices only (see Figure 9) 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5-MHz SYSCLK 


— AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written. 


— Generates a system reset if an incorrect value is written to the WD reset key or if the counter 
overflows 


— AWD overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator, or an interval timer 


WDCNTR.15-0 
16-Bit WD OVRFL T1CTL2.6 
Watchdog Counter INT FLAG 
TICTL2.5 fj O——————_ Interrupt 
React WD OVRFL 
sine INT ENA 
Clock 
Prescaler TICTL1.7 TICTLO7 
WD OVRFL 
TAP SEL te O——————_ System Reset 

WD OVRFL 

Watchdog Reset Key RST ENA 

WDRST.7-0 


Figure 9. Standard Watchdog 
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timer 1 module (continued) 


® Hard watchdog configuration for mask-ROM device only (see Figure 10) 
— Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5-MHz SYSCLK 


— AWD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


— Automatic activation of the WD timer upon power-up reset 
— INT1 is enabled as nonmaskable interrupt during low-power modes 
— AWD overflow flag (WD OVREFL INT FLAG) bit that indicates whether the WD timer initiated a system 


reset 
WDCNTR.15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter T1CTL2.5 


Reset 


Clock 
Prescaler 


TICTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 
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timer 1 module (continued) 


@ Simple-counter configuration for mask-ROM devices only (see Figure 11) 


— Simple counter can be configured as an event counter, pulse accumulator, or an interval timer. 


WDCNTR. 15-0 
WD OVFL 
bop TICTL2. 
Watchdog Counter INT FLAG CTL2.6 
T1ICTL2.5 O——————_ Interrupt 
R WD OVRFL 
= INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


analog-to-digital converter 1 (ADC1) module 


The analog-to-digital converter 1 (ADC1) module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has eight multiplexed analog input channels that allow the processor to 
convert the voltage levels from up to eight different sources. The ADC1 module features include the following: 


® Minimum conversion time: 32.8 us at 5-MHz SYSCLK 
@ Ten external pins: 


— Eight analog input channels (ANO—AN7), any of which can be software configured as digital inputs 
(EO—E7) if not needed as analog channels. AN1—AN7 can also be configured as positive input voltage 
reference. 


—- Voc3: ADC1 module high-voltage reference input 

— Vsgs3: ADC1 module low-voltage reference input 

The ADDATA register, which contains the digital result of the last A/D conversion 

ADC1 operations can be accomplished through either interrupt driven or polled algorithms. 


Six ADC1 module control registers are located in the control register frame beginning at address 1070h. 
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analog-to-digital converter 1 (ADC1) module (continued) 
The ADC1 module control registers are illustrated in Table 16. 
Table 16. ADC1 Module Control Register Memory Map 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
CONVERT | SAMPLE | REF VOLT | REF VOLT | REF VOLT | ADINPUT | ADINPUT | AD INPUT 
START START SELECT2 | SELECT1 | SELECTO | SELECT2 | SELECT1 | SELECTO 
AD INT AD INT 
A-to-D Conversion Data Register 


Reserved 


REG 


ADCTL 


ADSTAT 


ADDATA 


ADIN 
ADENA 


Port E Data Input Register 


PO7D 
Port E Input Enable Register 


PO7E 


PO7F | AD ESPEN ADPRI 
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analog-to-digital converter 1 (ADC1) module (continued) 


The ADC1 module block diagram is illustrated in Figure 12. 


Port E | t 7d 
a an | Port E Data | 


ANO 


o\Canmo)| a SAMPLE CONVERT 
Boon 


START START 
ADCTL.2-0 ADCTL.6 ADCTL.7 


| 
Port E input | 


ENA 1 aM ~ leg : AD INPUT SELECT 
(Canna) 
pe ee ee 
C) 
Port E Input 
pe ae | pgs a | 
encrgl 
ee ee ee) 
C) 
Port E Input 
ENA hr | Port E Data | 


Port E Input 


ADDATA.7-0 


Port E Input 


| Port E Data | 
ENA 5 eins gl aie 
| Data Register 
: | 
Port E | t 
uae. | Port E Data | AD READY 
ADENA.6 | | ADSTAT.2 
Lr ps emencacane c aes) fie la] 
C) 
| - 
Port E Input ADCTL.5—3 


: é 
aur fag ee 
ADENA.7 >| apn? | | 
C J _ 
O 


AD INT FLAG 


| Vec3 > 
"Wes > 


AD INT ENA 


Figure 12. ADC1 Block Diagram 
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instruction set overview 


Table 17 provides an opcode-to-instruction cross-reference of all 73 instructions and 274 opcodes of the 
‘370CxBx instruction set. The numbers at the top of this table represent the most significant nibble (MSN) of 
the opcode while the numbers at the left side of the table represent the least significant nibble (LSN). The 
instruction of these two opcode nibbles contains the mnemonic, operands, and byte/cycle particular to that 
opcode. 


For example, the opcode B5dh points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 17. TMS370 Family Opcode/Instruction Mapt 


F 
LDST 
n 
2/6 
MOV 
#ra[SP],A 
2/7 


MOV 
A,*ra[SP] 
2/7 


CMP 
*n[SP],A 
2/8 


XQXOOZESINL 


zor 


9661 HOUVW GASIASY — 9661 AYVNNV? —- V8EOSNdS 


SYATIOULNOOOYOIW LI8-8 


XCHB A/ 
#n,Pd,ra TSTB 
4/11 1/10 


€rybyl-LSZZZ SWX3L ‘NOLSNOH e€rrl XO 30IS40 1SOd 


SVX4I oe 


SLNAWNYULSN 


Sse] SaclSs 


qj 
a5 5] a8 


BTJZ 


#n,Pd,ra 
4/11 


MOVW 
#16[B],Rpd 
4/15 


MOV 
*lab[B],A 
3/12 


T All conditional jumps (opcodes 01—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 
instructions have a relative address as the last operand. 


€ryl-lS2ZZ2 SVX3L ‘NOLSNOH e€rrl XOE 30I44O LSOd 


SE-91 


SVX oe 


SLNAWNULSN 


Zor 


Table 17. TMS370 Family Opcode/Instruction Mapt (Continued) 


0 1 2 3 a 5 6 


MPY 
Rs,B 
2/46 


CMP 
Rs,B 
2/7 


DAC 
Rs,B 
2/9 


DSB 
Rs,B 
2/9 


Legend: 
* = _ Indirect addressing operand prefix 
& = Direct addressing operand prefix 


# = immediate operand 
#16 = immediate 16-bit number 
lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 
Ps = Peripheral register containing source byte 


tra = Relative address 
Rd = Register containing destination type 
Rn = Register file 


Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 

Rs = Register containing source byte 


T All conditional jumps (opcodes 01-—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ 


instructions have a relative address as the last operand. 


7 


BR BR 
lab *Rp 
3/9 2/8 


CMP CMP 
& lab,A *Rp,A 
3/11 2/10 


CALL CALL 
lab *Rp 
3/13 2/12 


CALLR CALLR 


Second byte of two-byte instructions (F4xx): 


BR 
“lab[B] 
3/11 


CMP 
*lab[B],A 
3/13 


F4 


F4 


F4 


F4 


F4 


F4 


F4 


F4 
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development system support 


The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator (XDS/22), CDT, and an EERPROM/UVEPROM programmer. 


® Assembler/linker (Part No. TMDS3740850—02 for PC) 
— Includes extensive macro capability 
— Provides high-speed operation 
— Provides format conversion utilities for popular formats 


@® ANSI C compiler (Part No. TMDS3740855—02 for PC, Part No. TMDS3740555—-09 for HP700™, Sun-3™, 
or Sun-4™) 


— Generates assembly code for the TMS370 that can be easily inspected 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct referencing of the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
® CDT370 (compact development tool) Timer real-time in-circuit emulation 
— Base (Part Number EDSCDT370T — for PC, requires cable) 
— Cable for 68-pin PLCC (Part No. EDSTRG68PLCC) 
— Cable for 64-pin SDIP (Part No. EDSTRG64SDIL) 
— Includes EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Uploads/downloads program and data memory 
— Executes programs and software routines 
— Includes 1024 samples trace buffer 
— Includes single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
@ Microcontroller programmer 
— Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 68-pin PLCC (Part No. TMDS3780510A) 
— Single unit head for 64-pin SDIP (Part No. TMDS3780511A) 


— Includes PC-based, window/function-key oriented user interface for ease of use and rapid learning 
environment 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 
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development system support (continued) 
@® Starter Kit (Part No. TMDX37000 — for PC) 
— Includes TMS370 assembler diskette and documentation 
— Includes TMS370 simulator 
— Includes programming adapter board and programming software 
— Not included (to be supplied by the user): 
— +5 V power supply 
— ZIF sockets 
— 9-pin RS232 cable 


device numbering conventions 


Figure 13 illustrates the numbering and symbol nomenclature for the TMS370CxBx family. 
TMS 370C 0 B 6 A FNL 


Prefix: TMS = Standard prefix for fully qualified devices 
SE = System evaluator (window EPROM) that is used for 
prototyping purpose 
pao aa Family: 370 = TMS370 8-Bit Microcontroller Family 
Technology: C = CMOS 


Program Memory Types: 0 = Mask ROM 
ae aes he : 


Device Type: B = ’xBx device containing the following modules: 
— Timer 1 
— Analog-to-Digital Converter 1 (ADC1) 
Memory Size: 6 = 16K bytes 
Temperature Ranges: A = -40°Cto 85°C 
L = oO°Cto 70°C 
T = -—40°C to 105°C 
Packages: FN Plastic Leaded Chip Carrier 


Plastic Shrink Dual-in-Line 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 
— A standard watchdog 

— A hard watchdog 

- Asimple watchdog 

The clock can be either: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power mode can be either: 

— Enabled 

— Disabled 


ROM Option: A 


Figure 13. TMS370CxBx Family Nomenclature 
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device part numbers 


Table 18 provides a listing of all the TMS370CxBx devices available. The device part-number nomenclature is 
designed to assist ordering. Upon ordering, the customer must specify not only the device part number, but also 
the clock and watchdog-timer options desired. Each device can only have one of the three possible 
watchdog-timer options and one of the two clock options. The options to be specified pertain solely to orders 
involving ROM devices. 


Table 18. Device Part Numbers 


DEVICE PART NUMBERS DEVICE PART NUMBERS 
FOR 68 PINS (PLCC) FOR 64 PINS (PSDIP) 


TMS370COB6AFNA TMS370COB6ANMA 
TMS370COB6AFNL TMS370COB6ANML 
TMS370COB6AFNT TMS370COB6ANMT 


16-38 
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new code release form 


Figure 14 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. AROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using Tl standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number *Yes: # 

No: (Std. spec to be followed) 
*If Yes: Customer must provide "print’ to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal {] Simple Counter 
[] Ceramic Resonator 


NOTE: 
[] Supply Voltage MIN: : Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 


i | Sanaa eee “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 
(ait rane Sa eee! options. See the TMS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
nk: 0° to 70°C (standard) [] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[]’A: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
Ge —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization [] YES [] NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
Tl spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this TI custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Tl: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 14. Sample New Code Release Form 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range Voc1, Voce, Vocg (See Note 1) oe cee nce rece ne ceeentncees -0.6Vto7V 
INnDut VoOlEoe Tange, All Dine ecret AGS vec pen caste ps cee su epieceeee Sue aa ue eerie -0.6Vto7V 
PAG aan STAR eS Soke Ee ts Oe Ree ere ee ae -—0.6 Vto 14 V 

Input clamp current, liq (Vj< O Or Vi>VOC1) - eee e cece e tenes +20 mA 
OGuipurctamp current, lou Giey <0 Of Vie a Mies) sie ad os ee cas sa race ped gee emus +20 mA 
Continuous output current per buffer, Io (Vo = 0 tO Vocy)F . cece eee eee eee eee eee eee ee eees +10 mA 
A ETM ACES CAMRI  Co gne e AY nGm ra Ge sa ere Foo e Lele oe Ons wn 4 MORAY PwRig ans tk ASR ASN 170 mA 
OPEN TANNT NA Bick NOR pce anc l'g 5 ppg hm > im bony Sob cn A ei gs Pek Gu ged bK AI Aim GUE an ae me — 170 mA 
CONnTHOLIS DOW TNSGIIMUONE Ss oo faliatiad Poa cee REN Eee ais Oe te be A Uae te 1W 
Operating free-air temperature range, Ta. L Version ......... cece cece eee eee eens 0°C to 70°C 
PeIMRINNE 55 5 acy he ae Glos aaa Oe ae he eR — 40°C to 85°C 

IPMMNOE Me Sethe Stirs 4 Ck Vince aad ad — 40°C to 105°C 

Storage temperature range, Tgtg ... +... eee cece eee teen e ete e nent eens —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

¥ Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in any buffer 
can affect the levels on other buffers. 

NOTE 1: Unless otherwise noted, all voltage values are with respect to Vgs1. Vcc1 = VCC: 


recommended operating conditions 


Supply voltage (see Note 1) 
RAM data-retention supply voltage (see Note 2) 


Vss2 __ Digital I/O supply ground 
Vss3 Analog supply ground 


VIL Low-level input voltage 


All pins except MC, XTAL2/CLKIN, and 
RESET 


High-level input voltage 


MC (mode control) voltage 
(see Note 3) 


-c 


NOTES: 1. Unless otherwise noted, all voltage values are with respect to Vgsj. VCc1 = VCC. 


2. RESET must be externally activated when Vcc or SYSCLK is out of the recommended operating range. 

3. The basic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedicated MC pin 
two system clock cycles (t¢) before RESET goes inactive (high). The WPO mode can be selected anytime a sufficient voltage is 
present on MC pin. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


i. en See eee on 
_.. Oaeesasy ee ae 

Se 

oe ee 

spp curt pring ma) 
SYSCLK = 5 MHz See Notes 4 and 5 

loc <a Al nee viene SYSCLK=3MHz See Notes 4 and 5 
SYSCLK=0.5MHz See Notes 4 and5 

Supply current (STANDBY mode) SYSCLK = 3 MHz See Notes 4 and 5 
OSC POWER bit = 1 (see Note 8) SYSCLK = 0.5 MHz See Notes 4 and 5 RARE NEES 


NOTES: 4. In single chip mode, ports are configured as inputs or outputs with no load. All inputs < 0.2 V or => Voc  — 0.2V. 

5. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. AtS5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

6. Maximum operating current for TMS370CxBx = 10 (SYSCLK) + 5.8 mA. 

7. Maximum standby current for TMS370CxBx = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 

8. Maximum standby current for TMS370CxBx = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit =1, only valid up to 3 MHz SYSCLK). 
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PARAMETER MEASUREMENT INFORMATION 


XTAL2/CLKIN XTAL2/CLKIN 
7] c3 
(see Note B) 
C1 [> Crystal/Ceramic = “~~ C2 ve 
(see NoteB) — Resonator 1. (see Note B) External = 


f (see Note A) * Clock Signal 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


B. The values of C1 and C2 are typically 15 pF and the value of C3 is typically 50 pF. See the manufacturer’s recommendations for 
ceramic resonators. 


Figure 15. Recommended Crystal/Clock Connections 


Load Voltage 
1.2 kQ 


Vo 
20 pF 


ia 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 16. Typical Output Load Circuit (see Note A) 


Pin Data 


Output 
Enable 


Figure 17. Typical Buffer Circuitry 


wi TEXAS 
INSTRUMENTS 


16-42 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370CxBx 
8-BIT MICROCONTROLLER 


SPNSO038A — JANUARY 1996 — REVISED MARCH 1996 
PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


A Address IE Initial 
AR Array PGM Program 
B Byte R Read 

Cl XTAL2/CLKIN SC SYSCLK 
D Data W Write 

E EDS WT WAIT 
FE Final 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) r rise time 

d delay time su setup time 

f fall time Vv valid time 

h hold time Ww pulse duration (width) 


The following additional letters are used with these meanings: 


H High 
5 Low 
V Valid 
Fe High impedance 


All timings are measured between high and low measurement points as indicated in Figure 18 and Figure 19. 


2s a Ber eS. 
crane ny nape — — 0.8 V (Low) —_— — — — — 0.8 V (Low) 


Figure 18. XTAL2/CLKIN Measurement Points Figure 19. General Measurement Points 
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external clocking requirements for clock divided by 4T (see Figure 20) 


twiCl Pulse duration, XTAL2/CLKIN (see Note 9) 


tC Rise time, XTAL2/CLKIN ee 8 


tC] Fall time, XTAL2/CLKIN 
4 td(CIH-SCL Delay time, XTAL2/CLKIN rise to SYSCLK fall 100 


CLKIN Crystal operating frequency 


SYSCLK System clockt Be MHz 


T For Vi_ and Vip, refer to recommended operating conditions. 

+ SYSCLK = CLKIN/4 

NOTE 9: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


<—1—> 


XTAL2/CLKIN Co i ae ae a ee 
| | 


| 
+ ie 2 , 
| 


lt» 4 


SYSCLK / BS a ee Re Sie ae T 


Figure 20. External Clock Timing for Divide-by-4 


external clocking requirements for clock divided by 1 (PLL)T (see Figure 21) 


a ee 
tw(Cl Pulse duration, XTAL2/CLKIN (see Note 9) 2S ee eS 
ebay > heme Ao ce En pes a re lon 
2 wes ee 
4 [taicit-scry Delay time, XTALZICLKIN fee to SYSCLK ee SSCS 
[Joukin Crystal operating frequency SSS | 
Set saat oe ee ee 


tT For Vit and Vip, refer to recommended operating conditions. 

§ SYSCLK = CLKIN/1 

NOTE 9: This pulse can be either a high pulse, which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or a 
low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


4-1 > 


| ie 2 
| 


SYSCLK We ee ae Se ee 


Figure 21. External Clock Timing for Divide-by-1 
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general purpose output signal switching time requirements (see Figure 22) 


re 
ne es ee 
hee ee ee 


>| le tf 
Figure 22. Signal Switching Timing 


recommended EEPROM timing requirements for programming 


tw(PGM)B Pulse duration, programming signal to ensure valid data is stored (byte mode) 


tw(/PGM)AR Pulse duration, programming signal to ensure valid data is stored (array mode) 
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switching characteristics and timing requirements for external read and writeT (see Figure 23 and 
Figure 24) 


| Divide-by-4 clock 200 2000 
5 tc Cycle time, SYSCLK (system clock) — 
Divide-by-1-(PLL) 200 500 
| 6 | twScL Pulse duration, SYSCLK low 0.5t--25 O05te | ns | 
tw(SCH Pulse duration, SYSCLK high 0.5t¢ 0.5t+20| ns | 


Delay time, SYSCLK low to address R/W and OCF 
a 'a(SCL-A) valid roe Ee 


Valid time, address to EDS, CSE1, CSE2, CSH1, 0.5t--90 
CSH2, CSH3, and CSPF low Ste 


tsu(D Setup time, write data time to EDS high 0.75t,-80+ ne. ae 


Hold time, address, R/W and OCF from EDS, CSE1, 0.5t¢-60 


th(EH-A) CSE2, CSH1, CSH2, CSH3, and CSPF high 


th(EH-D)W _ Hold time, write data time from EDS high 0.75te+15 he 


—s 
—s 


Delay time, data bus high impedance to EDS low (read 
td(DZ-EL) cycle) 0.25t.-35 


4 |tq(EH-D Delay time, EDS high to data bus enable (read cycle) 1.25t-—40 
15 |tq/EL-Dv)R Delay time, EDS low to read data valid 
16 | th(EH-D)R Hold time, read time from EDS high 

7 ; TAIA I a: . 


1 tsu(WT-SCH) Setup time, WAIT time to SYSCLK high 0.25t,+708 
18 | thiSCH-WT Hold time, WAIT time from SYSCLK high 
td(ED-WTV Delay time, EDS low to WAIT valid 0.5t-—60 


<2) 
o1 
++ 


Pulse duration, EDS, CSE1, CSE2, CSH1, CSH2, 


Ww CSH3, and CSPF low te OF: ge 
21 |tqav-pv)R _ Delay time, address valid to read data valid 1.5tp—115¢ 


22 | td(AV-WTV Delay time, address valid to WAIT valid te-115 
td(AV-EH Delay time, address valid to EDS high (end of write) 1.5tp-85¢ 


T tg = system clock cycle time = 1/SYSCLK 

t If wait states, PFWait, or the autowait feature is used, add tg to this value for each wait state invoked. 

§ If the autowait feature is enabled, the WAIT input can assume a don’t care condition until the third cycle of the access. The WAIT signal must 
be synchronized with the high pulse of the SYSCLK signal while still conforming to the minimum set-up time. 
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7 > 
\¢_—_—_— 5 ———_> | | 


| 
| | 


| 
EDS, CSET, CSE2, CSHT, | . st be | 
CSH2, CSH3, CSPF | | 


370 Drives 
DATA Vi Data 


WAIT 


R/W 


Figure 23. External-Read Timing 
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t-7 > 
4 5 > | | 
| 
| 
| | 
<—Pi— 8 | 
| | 


Pere eet oy rctin sy gates 7g 1 20 
EDS, CSE1, CSE2, CSH1, | | 
CSH2, CSH3, CSPF 


DATA 


Figure 24. External-Write Timing 
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analog-to-digital converter 1 (ADC1) 


The ADC1 has a separate power bus for its analog circuitry. These pins are referred to as Vocg and Vgs3. The 
purpose of these pins is to enhance ADC1 performance by preventing digital switching noise of the logic circuitry 
that can be present on Vssj and Voc; from coupling into the ADC1 analog stage. All ADC1 specifications are 
given with respect to Vssg unless otherwise noted. 


PRE IN o cn. x 0 eae ene ce a ete ere ee ee Oe EE ed oe eas 8-bits (256 values) 
PE yay oa dywtacaty. pik xs wn ah Ae Re ee EN EAs coe RAS OPER eo ne ae O Pis Wa ee ee Yes 
CUM IORI VOTEMET EUNNG > oe ole ca vice dG woe a Ph 00h to FFh (00 for Vj < Vsgg <; FF for Vy < Veep) 
CTO UI FE MCMIC EN SONG SITIO a os ok: hws Kenia wueoa a RULES 1A aN kad Le Ea ee 164 t, 


recommended operating conditions 


eS SE a See a eee Be Ee eo 
V Analog supply volta sa : ee 
u voltage 
CC3 g Supply g Vec3-3 Voc3+0.3 
Vss3_ Analog ground Vss3-3 Vss3t0.3 eed 
Vref Non-Voc3 referencet 2.5 Voc3 Vcc3+0.1 Se ces 
Analog input for conversion Vss3 Vref ee 
t Vref must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time. 
operating characteristics over recommended ranges operating conditions 
Absolute accuracy+ Voc3 =5.5 V Vref = 5.1 V 
Differential/integral linearity error#§ Voc3 = 5.5 V Vref =5.1V 
(OTST ke Nee er 5 
lcc3 Analog supply current z. | mA 
[Nenconverting Sid SSC 
Input current, ANO—AN7 OV<sV\) <s5.5V ae 
SYSCLK < 3 MHz a kQ 
Zref | Source impedance of Vref a 
3 MHz < SYSCLK < 5 MHz ee es 


+ Absolute resolution = 20 mV. At Vref = 5 V, this is one LSB. As Vye¢ decreases, LSB size decreases; therefore, the absolute accuracy and 
differential/integral linearity errors in terms of LSBs increase. 
§ Excluding quantization error of 1/2 LSB 
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analog-to-digital converter 1 (ADC1) (continued) 


The ADC1 module allows complete freedom in design of the sources for the analog inputs. The period of the 
sample time is user-defined so that the high-impedance can be accommodated without penalty to the 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC1 control register 
(ADCTL.6) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START, 
ADCTL.7) is set to 1. After a hold time, the converter resets the SAMPLE START and CONVERT START bits, 
signaling that a conversion has started and that the analog signal can be removed. 


analog timing requirements (see Figure 25) 


eee 
TauiS)Sctuptime, enaloginputtosamplocommand—SSCSCSCS~SCSCSCSC—i ds 
[yan Hold time, analog inputrom startof conversion SSS id 


T The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum sampling time of 1s. 


k¢————. Analog Stable —————» 


Analog In KX YYOr yy RR 


ea tsu(S) | 


Sample Start | | 


| Sate eamagtess 
Kt— tw(s) | 


Convert Start | | 


Figure 25. Analog Timing 
Table 19 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 19. TMS370CxBx Family Package Type and Mechanical Cross-Reference 
PKG TYPE PKG TYPE NO. AND 
io cial aptenisg) TMS370 GENERIC NAME uerideak tikinc DEVICE PART NUMBERS 

FN — 68 pin PLASTIC LEADED CHIP CARRIER _| FN(S-PQCC-J**) PLASTIC J-LEADED TMS370COBGAFNL 
(50-mil pin spacing) | (PLCC) CHIP CARRIER TMS370COB6AFNA 
TMS370COB6AFNT 

NM — 64 pin PLASTIC SHRINK DUAL-IN-LINE NM(R-PDIP-T64) PLASTIC SHRINK ee ne 
(70-mil pin spacing) | PACKAGE (PSDIP) DUAL-IN-LINE PACKAGE TeAGSnc aaa 
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CMOS/EEPROM/EPROM Technologies on 
a Single Device 
— Mask-ROM Devices for High-Volume 
Production 
— One-Time-Programmable (OTP) EPROM 
Devices for Low Volume Production 
— Reprogrammable EPROM Devices for 
Prototyping Purposes 
Internal System Memory Configurations 
— On-Chip Program Memory Versions 
— ROM: 4K Bytes 
— EPROM: 8K Bytes 
— Static RAM: 128 Bytes 
Flexible Operating Features 
— Low-Power Modes: STANDBY and HALT 
— Commercial, Industrial, and Automotive 
Temperature Ranges 
— Clock Options 
— Divide-by-4 (0.5 to 5 MHz SYSCLK) 
— Divide-by-1 (2 to 5 MHz SYSCLK) PLL 
— Supply Voltage (Vcc) 5 V +10% 


Four-Channel 8-Bit Analog-to-Digital 
Converter 2 (ADC2) 
16-Bit General-Purpose Timer 
-— Software Configurable as 
a 16-Bit Event Counter, or 
a 16-Bit Pulse Accumulator, or 
a 16-Bit Input Capture Function, or 
Two Compare Registers, or 
a Self-Contained 
Pulse-Width-Modulation (PWM) Function 
On-Chip 24-Bit Watchdog Timer 
— EPROM/OTP Devices: Standard 
Watchdog 
— Mask-ROM Devices: Hard Watchdog, 
Simple Counter, or Standard Watchdog 
Flexible Interrupt Handling 
Workstation/Personal Computer-Based 
Development System 
— C Compiler and C Source Debugger 
— Real-Time In-Circuit Emulation 
— Extensive Breakpoint/Trace Capability 
Software Performance Analysis 
Multi-Window User Interface 
— Microcontroller Programmer 
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JD AND N PACKAGES 
(TOP VIEW) 


D6 
D7 
A7 


Voc 
XTAL2/CLKIN 


FZ AND FN PACKAGES 


(TOP VIEW) 
7” 
Br ~~ © © tg Tt 
>. £0: O-O4u@soO 
AEG Ee | ORE oes fh 
432-4 
XTAL2/CLKIN [} 5 O 25 [J AN3 
XTAL1 |} 6 24 | AN2 
A6 [}7 23 1] AN1 
A5(} 8 22 || ANO 
A4 {|} 9 21 || SCITXD 
A3 |} 10 20 L| SCIRXD 


Serial Communications Interface 2 (SCI2) 

- Asynchronous Mode: 156 Kbps 
Maximum at 5 MHz SYSCLK 

— Full Duplex, Double-Buffered Receiver 
(RX) and Transmitter (TX) 

TMS370 Series Compatibility 

— Register-to-Register Architecture 

— 256 General-Purpose Registers 

- 14 Powerful Addressing Modes 

— Instructions Upwardly Compatible With 
All TMS370 Devices 

CMOS/TTL Compatible I/O Pins/Packages 

— All Peripheral Function Pins Software 
Configurable for Digital I/O 

- 17 Bidirectional Pins, 5 Input Pins 

— 28-Pin Plastic and Ceramic Dual-in-Line, 
or Leaded Chip Carrier Packages 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 


PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 
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Pin Descriptions 


28 PINS 
DIP and LCC vot DESCRIPTION 


Port A is a general-purpose bidirectional |/O port. 


Port D is a general-purpose bidirectional |/O port. D3 is also configurable as SYSCLK. 


ADC2 module analog input (ANO—AN3) or positive reference pins (AN1 apr 


Port E can be individually programmed as general-purpose input pins if not used as ADC2 analog input. 


Timer1 input capture/counter reset input pin / general-purpose bidirectional pin. 
Timer1 PWM output pin/ general-purpose bidirectional pin. 
Timer1 external event input pin/ general-purpose bidirectional pin. 


SCITXD 21 1/0 SCI module transmit data output/ general-purpose bidirectional pin. (See Note 1) 
SCIRXD 20 SCI module receive data input pin/ general-purpose bidirectional pin. 


RESET System reset bidirectional pin; as input pin, RESET initializes the microcontroller; as open-drain output, 


Ree RESET indicates that an internal failure was detected by watchdog or oscillator fault circuit. 
LS ge Se 
XTAL1 Internal oscillator output for crystal. 
Sn Baggs > gga ee par RE Se <5 
ee 
T = = aa O = output 


NOTE 1: The two SCI configuration pins are referenced to as SCI2. 


1/0 
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functional block diagram 


EO-E3 
XTAL2/ or 
INT1 XTAL1 CLKIN MC RESET ANO-AN3 
SES a i a eek ee aes 


Clock Options: 
interrupts Divide-By-4 Or 
Divide-By-1 (PLL) 


System 


A-to-D 


Converter 2 


Control 


Serial SCIRXD 
Communications ors SCITXD 
RAM Interface 2 
128 Bytes 
Program Memory 
ROM: 4K Bytes 
EPROM: 8K Bytes 
: T1IC/CR 
Timer 1 TIEVT 
TIPWM 
Watchdog 
Voc 
Vss 


description 


The TMS370C3C0, TMS370C6C2, and SE370C6C2 devices are members of the TMS370 family of single-chip 
8-bit microcontrollers. Unless otherwise noted, the term TMS370CxCx refers to these devices. The TMS370 
family provides cost-effective real-time system control through integration of advanced peripheral function 
modules and various on-chip memory configurations. 


The TMS370CxCx family of devices is implemented using high-performance silicon-gate CMOS EPROM 
technologies. Low-operating power, wide-operating temperature range, and noise immunity of CMOS 
technology coupled with the high performance and extensive on-chip peripheral functions make the 
TMS370CxCx devices attractive in system designs for automotive electronics, industrial motors, computer 
peripheral controls, telecommunications, and consumer applications. 


All TMS370CxCx devices contain the following on-chip peripheral modules: 


Four-channel, 8-bit analog to digital converter 2 (ADC2) 


Serial communications interface 2 (SCI2) 


One 24-bit general-purpose watchdog timer 


One 16-bit general-purpose timer with an 8-bit prescaler 
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description (continued) 


Table 1 provides a memory configuration overview of the TMS370CxCx devices. 


Table 1. Memory Configurations 


PROGRAM MEMORY DATA MEMORY 
DEVICES (BYTES) (BYTES) 
ROM EEPROM 


PACKAGES 
28-PIN LCC OR DIP 


FN — PLCC 
TMS370C3C0A N—PDIP 


FN — PLCC 
TMS370C6C2A N—PDIP 

FZ-—CLCC 
SE370C6C2AT JD —CDIP 


T System evaluators and development are for use only in prototype environment, and their reliability has not been characterized. 


The suffix letter (A) appended to the device name (shown in Table 1) indicates configuration of the device. ROM 
or EPROM devices have different configurations as indicated in Table 2. ROM devices with the suffix letter A 
are configured through a programmable contact during manufacture. 


Table 2. Suffix Letter Configuration 


DEVICE WATCHDOG TIMER CLOCK LOW-POWER MODE 
EPROM A Divide-by-4 (standard oscillator) Enabled 


Divide-by-4 or ; 
ROM A Seeks Enabled or disabled 


The 4K bytes of mask-programmable ROM in the associated TMS370C3COA device are replaced in the 
TMS370C6C2A with 8K bytes of EPROM while all other available memory and on-chip peripherals are identical. 
The one-time programmable (OTP) (TMS370C6C2A) and reprogrammable (SE370C6C2A) devices are 
available. 


TMS370C6C2A OTP devices are available in plastic packages. This microcontroller is effective to use for 
immediate production updates for other members of the TMS370C3COA or for low-volume production runs 
when the mask charge or cycle time for the low-cost mask ROM devices is not practical. 


The SE370C6C2A has a windowed ceramic package to allow reprogramming of the program EPROM memory 
during the development-prototyping phase of design. The SE370C6C2A devices allow quick updates to 
breadboards and prototype systems during initial design iterations. 


The TMS370CxCx family provides two low-power modes (STANDBY and HALT) for applications where 
low-power consumption is critical. Both modes stop all CPU activity, that is, no instructions are executed. In the 
STANDBY mode, the internal oscillator and the general-purpose timer remain active. In the HALT mode, all 
device activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both 
low-power modes. 


The TMS370CxCx features advanced register-to-register architecture that allows direct arithmetic and logical 
operations without requiring an accumulator (for example, ADD R24, R47; add the contents of register 24 to 
the contents of register 47 and store the result in register 47). The TMS370CxCx family is fully instruction-set 
compatible, providing easy transition between members of the TMS370 8-bit microcontroller family. 
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description (continued) 


The TMS370CxCx device has one operational mode of serial communications provided by the SCl2 module. 
The SCl2 allows standard RS-232-C communications with other common data transmission equipment. 


The TMS370CxCx family provides the system designer with economical, efficient solutions to real-time control 
applications. The TMS370 family extended development system (XDS™) and compact development tool 
(CDT™) solve the challenge of efficiently developing the software and hardware required to design the 
TMS370CxCx into an ever-increasing number of complex applications. The application source code can be 
written in assembly and C-language, and the output code can be generated by the linker. The TMS370 family 
XDS development tool communicates through a standard RS-232-C interface with an existing personal 
computer. This allows the use of the personal computer editors and software utilities already familiar to the 
designer. The TMS370 family XDS emphasizes ease-of-use through extensive menus and screen windowing 
so that a system designer can begin developing software with minimal training. Precise real-time in-circuit 
emulation and extensive symbolic debug and analysis tools ensure efficient software and hardware 
implementation as well as reduced time-to-market cycle. 


The TMS370CxCx family together with the TMS370 family XDS22, CDT370, design kit, starter kit, software 
tools, the SE370C6C2A reprogrammable devices, comprehensive product documentation, and customer 
support provide a complete solution to the needs of the system designer. 


central processing unit (CPU) 


X 


The CPU used on the TMS370CxCx device is the high-performance 8-bit TMS370 CPU module. The ’xCx 
implements an efficient register-to-register architecture that eliminates the conventional accumulator 
bottleneck. The complete ’xCx instruction map is shown in Table 36 in the TMS370CxCx instruction set 
overview section. 


The ’370CxCx CPU architecture provides the following components: 
CPU registers: 


@ A stack pointer that points to the last entry in the memory stack. 
@ Astatus register that monitors the operation of the instructions and contains the global-interrupt enable bits. 
@ A program counter (PC) that points to the memory location of the next instruction to be executed. 


DS and CDT are trademarks of Texas Instruments Incorporated. 
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central processing unit (CPU) (continued) 


Figure 1 illustrates the CPU registers and memory blocks. 


15 ee: Counter 0 


' Stack Pointer (SP) 0 Legend: 
Beles Ra we 
N=Negative 
Status Register (S Z=Zero 
| | N | z | v |ie2| 1e1| — |—| V=Overflow 
7 he Borih* Bisa 36 IE2=Level 2 interrupts Enable 


1Ei=Level 1 interrupts Enable 


a 128-Byte RAM (0000h-007Fh) 
— 
Peripheral File 


1080 
Reserved 
Not Available+ 


RAM (Includes up to 256-Byte Registers File) 


t Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


Figure 1. Programmer’s Model 


A memory map that includes: 


@® 128-byte general-purpose RAM that can be used for data memory storage, program instructions, 
general-purpose register, or the stack 
® A peripheral file that provides access to all internal peripheral modules, system-wide control functions and 
EPROM programming control 
@® 4K-byte ROM or 8K-byte EPROM program memory 
stack pointer (SP) 


The SP is an 8-bit CPU register that operates as a last-in, first-out, read/write memory. Typcially, the stack is 


used to store the return address on subroutine calls as well as the status-register contents during interrupt 
sequences. 


The SP points to the last entry or top of the stack. The SP is incremented automatically before data is pushed 


onto the stack and decremented after data is popped from the stack. The stack can be placed anywhere in the 
on-chip RAM. 
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central processing unit (CPU) (continued) 


status register (ST) 


The ST monitors the operation of the instructions and contains the global interrupt-enable bits. The ST register 
includes four status bits (condition flags) and two interrupt-enable bits: 


@ The four status bits indicate the outcome of the previous instruction; conditional instructions (for example, 
the conditional jump instructions) use the status bits to determine program flow. 


@ The two interrupt-enable bits control the two interrupt levels. 


The ST register, status-bit notation, and status-bit definitions are shown in Table 3. 


Table 3. Status Register (ST) 


ey ee ee ee 


RW-0 RW-0 RW-0 RW-0O RW-0 RW-0 


R = read, W = write, 0 = value after reset 
program counter (PC) 


The contents of the PC point to the memory location of the next instruction to be executed. The PC consists 
of two 8-bit registers in the CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the most significant byte (MSbyte) and least significant byte (LSbyte) of a 16-bit address. 


During reset, the contents of the reset vector (7FFEh, 7FFFh) are loaded into the program counter. The PCH 
(MSbyte of the PC) is loaded with the contents of memory location 7FFEh, and the PCL (LSbyte of the PC) is 
loaded with the contents of memory location 7FFFh. Figure 2 shows this operation using an example value of 
7000h as the contents of the reset vector. 


Program Counter (PC) 
Memory PCH PCL 


ae aia a se 


Figure 2. Program Counter After Reset 


memory map 


The TMS370CxCx architecture is based on the Von Neuman architecture, where the program memory and data 
memory share a common address space. All peripheral input/output is memory mapped in this same common 
address space. As shown in Figure 3, the TMS370CxCx provides memory-mapped RAM, ROM, input/output 
pins, peripheral functions, and system interrupt vectors. 


The peripheral file contains all input/output port control, peripheral status and control, EPROM, and 
system-wide control functions. The peripheral file is located from 1000h to 107Fh and is logically divided into 
seven peripheral file frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through 
which peripheral control and data information is passed. 
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memory map (continued) 


Peripheral File Control Registers 


Timer 1 Peripheral Control 


1000h-—100Fh 
1010h-—101Fh 
1020h—102Fh 
1030h—103Fh 
1040h-—104Fh 
1050h—105Fh 
1060h—106Fh 
1070h-107Fh 


128-Byte RAM 
(Register File/Stack) 


h 
Peripheral File 


Not Availablet 


8K-Byte EPROM 
(6000h-7FFFh) 


4K-Byte ROM 
(7000h-7FFFh) 
A 


Vectors 


Trap 15-0 


Analog-To-Digital Converter 2 


SCI TX 


7FCOh—7FDFh 
7FEOh-—7FEBh 
7FECh-—7FEDh 
7FEEh-—7FEFh 
7FFOh—7FFih 
7FF2h—7FF3h 
7FF4h-—7FF5h 
7FF6h—7FFBh 
7FFCh—7FFDh 
7FFEh—7FFFh 


interrupts and Reset Vectors; 
Trap Vectors 


Not Availablet 


t Reserved means the address space is reserved for future expansion. 
+ Not available means the address space is not accessible. 


Figure 3. TMS370CxCx Memory Map 
RAM/register file (RF) 


Locations within the RAM address space can serve as the RF, general-purpose read/write memory, program 
memory, or the stack instructions. The TMS370CxCx devices contain 128 bytes of internal RAM mapped 
beginning at location 0000h (RO) and continuing through location 007Fh (R127) which is shown in Figure 1. 


The first two registers, RO and R11, are also called register A and B, respectively. Some instructions implicitly 
use register A or B; for example, the instruction LDSP (load SP) assumes that the value to be loaded into the 
SP is contained in register B. Registers A and B are the only registers cleared on reset. 


peripheral file (PF) 


The TMS370CxCx control registers contain all the registers necessary to operate the system and peripheral 
modules on the device. The instruction set includes some instructions that access the PF directly. These 
instructions designate the register by the number of the PF relative to 1000h, preceded by PO for a hexadecimal 
designator or P for a decimal designator. For example, the system control register 0 (SGCCRO) is located at 
address 1010h; its peripheral file hexadecimal designator is PO10, and its decimal designator is P16. Table 4 
shows the TMS370CxCx PF address map. 
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peripheral file (PF) (continued) 


Table 4. TMS370CxCx Peripheral File Address Map 


PERIPHERAL FILE 
ADDRESS RANGE DESIGNATOR DESCRIPTION 


program EPROMt 


The TMS370C6C2 device contains 8K bytes of EPROM mapped at location 6000h and continuing through 
location 7FFFh as shown in Figure 3. Reading the program EPROM modules is identical to reading other 
internal memory. During programming, the EPROM is controlled by the EPROM control register (EPCTL). The 
program EPROM module features include: 


@ Programming 
—  In-circuit programming capability if Vpp is applied to MC 


— Control register: EPROM programming is controlled by the EPROM control register (EPCTL) located in 
the peripheral file (PF) frame at location PO1Ch as shown in Table 5. 


@ Write protection: Writes to the program EPROM are disabled under the following conditions: 
— Reset halts all programming to the EPROM module. 
— Low-power modes 
—- 13V not applied to MC . 


Table 5. Data EEPROM and Program EPROM Control Registers Memory Map 


ADDRESS | SYMBOL [| ——SONAME 
PO1C EPCTL Program EPROM Control Register 


program ROMtT 


The program read-only memory (ROM) consists of 4K bytes of mask-programmable ROM. The program ROM 
is used for permanent storage of data or instructions. Programming of the mask ROM is performed at the time 
of device fabrication. Refer to Figure 3 for ROM memory map. 


t Memory addresses 7FEOh through 7FEBh are reserved for Texas Instruments, and addresses 7FECh through 7FFFh are reserved for 
interrupt and reset vectors. Trap vectors, used with TRAPO through TRAP15 instructions, are located between addresses 7FCOh and 
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system reset 


The system reset operation ensures an orderly start-up sequence for the TMS370CxCx CPU-based device. 
There are up to three different actions that can cause a system reset to the device. Two of these actions are 
internally generated, while one (RESET pin) is controlled externally. These actions are as follows: 


@ External RESET pin. A low level signal can trigger an external reset. To ensure a reset, the external signal 
should be held low for one SYSCLK cycle. Signals of less than one SYSCLK can generate a reset. See the 
TMS370 User’s Guide (literature number SPNU127) for more information. 


@ Watchdog (WD) timer. A watchdog-generated reset occurs if an improper value is written to the WD key 
register, or if the re-initialization does not occur before the watchdog timer timeout . See the 7MS370 User's 
Guide (literature number SPNU127) for more information. 


@ Oscillator reset. Reset occurs when the oscillator operates outside of the recommended operating range. 
See the 7MS370 User’s Guide (literature number SPNU127) for more information. 


Once a reset source is activated, the external RESET pin is driven low (active) for a minimum of eight SYSCLK 
cycles. This allows the ’xCx device to reset external system components. Additionally, if a cold start (Vcc is off 
for several hundred milliseconds) condition or oscillator failure occurs or the RESET pin is held low, then the 
reset logic holds the device in a reset state for as long as these actions are active. 


After a reset, the program can check the oscillator fault flag (OSC FLT FLAG, SCCR0.4), the cold start flag 
(COLD START, SCCR0O.7) and the watchdog reset (WD OVRFL INT FLAG, T1CTL2.5) to determine the source 
of the reset. A reset does not clear these flags. Table 6 lists the reset sources. 


Table 6. Reset Sources 


REGISTER ADDRESS | PF | CONTROL BIT SOURCE OF RESET 
SCCRO COLD START Cold (power-up) 


SCCRO 1010h P010 OSC FLT FLAG Oscillator out of range 
T1ICTL2 104Ah WD OVREFL INT FLAG Watchdog timer timeout 


Once a reset is activated, the following sequence of events occurs: 
CPU registers are initialized: ST = OOh, SP = O1h (reset state). 


Registers A and B are initialized to OOh (no other RAM is changed). 
The contents of the LSbyte of the reset vector (O7FFh) are read and stored in the PCL. 
The contents of the MSbyte of the reset vector (O7FEh) are read and stored in the PCH. 


Program execution begins with an opcode fetch from the address pointed to the PC. 


PE ORS Be 


The reset sequence takes 20 SYSCLK cycles from the time the reset pulse is released until the first opcode 
fetch. During a reset, RAM contents (except for registers A and B) remain unchanged, and the module control 
register bits are initialized to their reset state. 


When an external reset circuit is connected to the RESET pin, the pin must be held low until the clock signal 
is valid and Vcc is within the operating range. Figure 4 shows a typical reset circuit. 
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system reset (continued) 


Vcc 


To Other Device Resets 


| TMS370 


Reset In 


I+ Reset Out 


Manual + O 
Reset O 


Figure 4. Typical Reset Circuit 


interrupts 


The TMS370 family software programmable interrupt structure permits flexible on-chip and external interrupt 
configurations to meet real-time interrupt-driven application requirements. The hardware interrupt structure 
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt 
level 2. The two priority levels can be masked independently by the global-interrupt mask bits (IE1 and IE2) of 
the status register. 
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interrupts (continued) 


TIMER 1 


Overflow aS 


Compare 1 BO 
ADC2 INT EXT INT 1 
Ext Edge i CPU 
A/D 2 Compare 2 oe 
Input Capture 1 aie 


Watchdog ee 


Priority 


Logic 


Level 1 INT 
Level 2 INT 


Figure 5. Interrupt Control 


Each system interrupt is configured independently to either the high- or low-priority chain by the application 
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of 
the system interrupt. However, since each system interrupt is selectively configured on either the high- or 
low-priority interrupt chain, the application program can elevate any system interrupt to the highest priority. 
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority 
chains is performed within the peripheral modules to support interrupt expansion for future modules. 
Pending-interrupts are serviced upon completion of current instruction execution, depending on their interrupt 
mask and priority conditions. 


The TMS370CxCx has five hardware system interrupts (plus RESET) as shown in Table 7. Each system 
interrupt has a dedicated vector located in program memory through which control is passed to the interrupt 
service routines. A system interrupt may have multiple interrupt sources (for example, SCl RXINT has two 
interrupt sources). All of the interrupt sources are individually maskable by local interrupt-enable control bits in 
the associated peripheral file. Each interrupt source FLAG bit is readable individually for software polling or for 
determining which interrupt source generated the associated system interrupt. 


Four of the system interrupts are generated by on-chip peripheral functions, and one external interrupt is 
supported. Software configuration of the external interrupts is performed through the INT1 control register in 
peripheral file frame 1. Each external interrupt is individually software configurable for input polarity (rising or 
falling edge) for ease of system interface. External interrupt INT1 is software configurable as either a maskable 
or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked by the individual- 
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interrupts (continued) 


or global-enable mask bits. The INT1 NMI bit is protected during non-privileged operation and therefore should 
be configured during the initialization sequence following reset. To maximize pin flexibility, external interrupt 
INT1 can be software-configured as a general-purpose input pin if the interrupt function is not required. 


Table 7. Hardware System Interrupts 


SYSTEM VECTOR 
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYT 
External RESETW COLD START 
atchdog Overflow WD OVREFL INT FLAG RESETS 7FFEh, 7FFFh 
Oscillator Fault Detect OSC FLT FLAG 


External INT1 INT1 FLAG INT14 7FFCh, 7FFDh 


Timer 1 Overflow T1 OVRFL INT FLAG 

Timer 1 Compare 1 T1C1 INT FLAG 

Timer 1 Compare 2 T1C2 INT FLAG 

Timer 1 External Edge T1EDGE INT FLAG THINTS ccomercen 
Timer 1 Input Capture 1 T1IC1 INT FLAG 

Watchdog Overflow WD OVREL INT FLAG 


SCI RX Data Register Full RXRDY FLAG 

SCI RX Break Detect BRKDT FLAG RXINT# pO Re i, 
SCI TX Data Register Empty TXRDY FLAG TXINT 7FFOh, 7FF 1h 
A/D Conversion Complete AD INT FLAG ADINT 7FECh, 7FEDh 


T Relative priority within an interrupt level. 
+ Release microcontroller from STANDBY and HALT low-power modes. 
§ Release microcontroller from STANDBY low-power mode. 


privileged operation and EEPROM write-protection override 


The TMS370CxCx family has significant flexibility to enable the designer to software configure the system and 
peripherals to meet the requirements of a variety of applications. The non-privileged mode of operation ensures 
the integrity of the system configuration, once it is defined for an application. Following a hardware reset, the 
TMS370CxCx operates in the privileged mode, where all peripheral file registers have unrestricted read/write 
access, and the application program configures the system during the initialization sequence following reset. 
As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) is set to 1 to enter the 
non-privileged mode; thus, disabling write operations to specific configuration control bits within the peripheral 
file. Table 8 displays the system configuration bits which are write-protected during the non-privileged mode and 
must be configured by software prior to exiting the privileged mode. 
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privileged operation and EEPROM write-protection override (continued) 


Table 8. Privilege Bits 


REGISTERT 
CONTROL BIT 
[NAME | LOCATION 
P010.5 PF AUTO WAIT 
P010.6 OSC POWER 
P011.2 MEMORY DISABLE 
P011.4 AUTOWAIT DISABLE 


PRIVILEGE DISABLE 
INT1 NMI 

CPU STEST 

BUS STEST 


PWRDWN/ IDLE 
HALT/STANDBY 


SCI ESPEN 
SCIRX PRIORITY 
SCITX PRIORITY 
SCI STEST 


PO7F.5 AD ESPEN 
PO7F.6 AD PRIORITY 
PO7F.7 AD STEST 


t The privilege bits are shown in a bold typeface in the peripheral file 
frame 1 section. 


low-power and IDLE modes 


The TMS370CxCx devices have two low-power modes (STANDBY and HALT) and an IDLE mode. For 
mask-ROM devices, low-power modes can be disabled permanently through a programmable contact at the 
time when the mask is manufactured. 


The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping 
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes 
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The 
HALT/STANDBY bit in SCCR2 controls the low-power mode selection. 


In the STANDBY mode (HALT/STANDBY = 0), all CPU activity and most peripheral module activity stops; 
however, the oscillator, internal clocks, timer 1, and the receive-start bit detection circuit of the serial 
communications interface 2 remain active. System processing is suspended until a qualified interrupt (hardware 
RESET, external interrupt on INT1, timer 1 interrupt, or low level in the receive pin of the SCI2) is detected. 


In the HALT mode (HALT/STANDBY = 1), the TMS370CxCx is placed in its lowest power-consumption mode. 
The oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is 
suspended until a qualified interrupt (hardware RESET, external interrupt on the INT1, or low level on the receive 
pin of the serial communications interface 2) is detected. The power-down mode selection bits are summarized 
in Table 9. 
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low-power and IDLE modes (continued) 


Table 9. Low-Power/Iidle Control Bits 


| POWER-DOWN CONTROL BITS 
RON FONTROL BITS HALT/STANDBY | MODE SELECTED 
(SCCR2.6) (SCCR2.7) 


Midis Maia Hace as ae RS 


Tt Don’t care 


When low-power modes are disabled through a programmable contact in the mask-ROM devices, writing to the 
SCCR2.6-7 bits are ignored. In addition, if an idle instruction executes when low-power modes are disabled 
through a programmable contact, the device always enters the IDLE mode. 


To provide a method of always exiting low-power modes for mask-ROM devices, INT1 is enabled automatically 
as a nonmaskable interrupt (NMI) during low-power modes when the hard watchdog mode is selected. This 
means that the NMI always is generated, regardless of the interrupt enable flags. 


The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), 
CPU registers (stack pointer, program counter, and status register), |/O pin direction and output data, and status 
registers of all on-chip peripheral functions. Since all CPU instruction processing stops during the STANDBY 
and HALT modes, the clocking of the watchdog timer is inhibited. 


clock modules 


The ’xCx family provides two clock options that are referred to as divide-by-1 (phase-locked loop) and 
divide-by-4 (standard oscillator). Both the divide-by-1 and divide-by-4 options are configurable during the 
manufacturing process of a TMS370 microcontroller. The ’xCx ROM-masked devices offer both options to meet 
system engineering requirements. Only one of the two clock options is allowed on each ROM device. The ’6C2A 
EPROM has only the divide-by-4. 


The divide-by-1 clock module option provides the capability for reduced electromagnetic interference (EMI) with 
no added cost. 


The divide-by-1 clock module option provides a one-to-one match of the external resonator frequency (CLKIN) 
to the internal system clock (SYSCLK) frequency, whereas the divide-by-4 option produces a SYSCLK which 
is one-fourth of the frequency of the external resonator. Inside of the divide-by-1 module, the frequency of the 
external resonator is multiplied by four, and the clock module then divides the resulting signal by four to provide 
the four-phased internal system clock signals. The resulting SYSCLK is equal to the resonator frequency. 
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These are formulated as follows: 


external resonator frequency _ CLKIN 


Divide-by-4 : SYSCLK = A ee ine 


external resonator frequency x 4 
4 


The main advantage of choosing a divide-by-1 oscillator is to reduce EMI. The harmonics of low-speed 
resonators extend through less of the emissions spectrum than the harmonics of faster resonators. The 
divide-by-1 option provides the capability of reducing the resonator speed by four times, resulting in a steeper 
decay of emissions produced by the oscillator. 


Divide-by-1 : SYSCLK = = CLKIN 


system configuration registers 


Table 10 contains system configuration and control functions. The privileged bits are shown in bold typeface 
and shaded areas. 


Table 10. System Configuration Registers 


PF| BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
COLD OSC | PFAUTO | OSCFLT | MCPIN MC PIN uP/uC 
MEMORY | 
P013 
to RESERVED 
P016 
a eee INT1 INT1 INT1 INT1 res 
FLAG PIN DATA POLARITY | PRIORITY | ENABLE 
P018 
to RESERVED 
PO1B 
coe ae Be a ES Se Su 


RESERVED 
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digital |/O port configuration registers 


Peripheral file frame 2 contains the digital I/O pin configuration and control registers. Table 11 shows the specific 
addresses, registers, and control bits within this peripheral file frame. Table 12 shows the port-configuration 
register setup. 


Table 11. Peripheral File Frame 2: Digital Port-Control Registers 


APORT1 
APORT2 
ADATA 
ADIR 


Reserved 


Port D Control Register 1 Port D Control Register 1 

(must be 0) (must be 0) DPORT 
Port D Control Register 2 Port D Control Register 2 

(must be 0) (must be 0) DRORT2 


Tt To configure pin D3 as SYSCLK, set port D control register 2 = 08h. 


Table 12. Port Configuration Register Set-up 


abcd abcd 
00q1 O0yO 
Data Out q Data In y 


a = Port x Control Register 1 
b = Port x Control Register 2 
c = Data 
d = Direction 
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programmable timer 1 


The programmable Timer 1 (T1) module of the TMS370CxCx provides the designer with the enhanced timer 
resources required to perform real-time system control. The T1 module contains the general-purpose timer and 
the watchdog (WD) timer. The two independent 16-bit timers allow program selection of input clock sources 
(real-time, external event, or pulse accumulate) with multiple 16-bit registers (input capture and compare) for 
special timer function control. The T1 module includes three external device pins that can be used for multiple 
counter functions (operation mode dependent) or used as general-purpose I/O pins. The T1 module is shown 
in Figure 6. 


Edge 16-Bit 


Register 


— Counter 5 
: 16-Bit 
Compare Interrupt 
net = Register Log 
Prescaler 
Interrupt 
: Logic 
16-Bit 


Watchdog Counter 
(Aux. Timer) 


Figure 6. Timer 1 Block Diagram 


@ Three T1 I/O pins 
— T1IC/CR: Timer 1 input capture / counter reset input pin, or general-purpose bidirectional I/O pin 
— T1PWM: Timer 1 pulse-width-modulation (PWM) output pin, or general-purpose bidirectional I/O pin 
— T1EVT: Timer 1 event input pin, or general-purpose bidirectional I/O pin 
@® Two operation modes: 
— Dual-compare mode: Provides PWM signal 
— Capture/compare mode: Provides input capture pin 
One 16-bit general-purpose resettable counter 
One 16-bit compare register with associated compare logic 


@ One 16-bit capture/compare register, which, depending on the mode of operation, operates as either a 
capture or compare register. 


@ One 16-bit watchdog counter can be used as an event counter, a pulse accumulator, or an interval timer 
if watchdog feature is not needed. ) 


@ Prescaler/clock sources that determine one of eight clock sources for general-purpose timer 
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programmable timer 1 (continued) 


@ Selectable edge-detection circuitry that, depending on the mode of operation, senses active transitions on 
the input capture pins (T1IC/CR) 


® Interrupts that can be generated on the occurrence of: 
—- Acapture 
— Acompare equal 


— A counter overflow 


An external edge detection 
@ Sixteen T1 module control registers located in the PF frame beginning at address P040. 
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programmable timer 1 (continued) 


The T1 module control registers are listed in Table 13. Privilege bits are shown in bold typeface and shaded. 


Table 13. Timer Module Register Memory Map 


P041 | Bit 7 T1 Counter LSbyte Bit O 
Pose re 
Pad r1¢c 
Pode WOCNTR 
P047 | Bit 7 Watchdog Counter LSbyte Bit 0 

TAP SELT | SELECT2T | SELECTiT | SELECToT SELECT2 SELECT1 SELECTO 

RST ENAT INT ENA INT FLAG INT ENA INT FLAG SW RESET 


PO4C TICTL4 


T1 T1C1 T1C2 T1C1 T1CR TIEDGE TiCR TI1EDGE 
MODE=0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY | RSTENA DET ENA 
Mode: Capture/Compare 
T1EDGE T1C1 T1EDGE T1C1 
INT FLAG INT FLAG INT ENA INT ENA 
T1 T1C1 T1C1 TIEDGE TI1EDGE 
MODE = 1 OUT ENA RST ENA POLARITY DET ENA 
Mode: Dual-Compare and Capture/Compare 
TIEVT TIEVT TIEVT TIEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
TiIPWM Ti1PWM T1PWM TIPWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
T1 


t Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 


P04B TICTL3 


P04C TICTL4 


P04D T1PC1 


PO4E T1PC2 


PO4F T1PRI 
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programmable timer 1 (continued) 


Figure 7 shows the T1 capture/compare mode block diagram. The annotations on the diagram identify the 
register and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in 


the T1CTL2 register. 


Couey ee T1C1 
oe Register MSB OUT ENA | , |( 71PC2.7-4 
Source : Riedl cae- 3 <TiPWM> 
ee 
T1CNTR.15-0 
LSB 16-Bit 


MSB Counter 


& Reset 
T1 SW 


(T1c713.8)-0 


RESET 
16-Bit LSB 
T1CTL2.0 T1iC1 Compare 


RST ENA 


Register MSB 


T1 OVREL INT FLAG 


T1 OVRFL INT ENA 


T1EDGE INT FLAG 


(r1eT137)0 


T1EDGE INT ENA 


T1PC2.3-0 
TIEDGE DET ENA 


T1EDGE POLARITY 


Figure 7. Capture/Compare Mode 


sa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 17-23 


TMS370CxCx 
8-BIT MICROCONTROLLER 


SPNS040A — NOVEMBER 1995 — REVISED MARCH 1996 
programmable timer 1 (continued) 


Figure 8 shows the T1 dual-compare mode block diagram. The annotations on the diagram identify the register 
and the bit(s) in the peripheral frame. For example, the actual address of T1CTL2.0 is 104Ah, bit 0, in the 
T1ICTL2 register. 


16-Bit 


T1C2 INT FLAG 


Capt/Comp 
Spon age Register MSB _T1CTL3.6, Output 
Source L TICTL3.1 st si 
T1C2 INT ENA 


[ TICTL4.5 } 
TICNTR.15-0 


: = T1PC2.7-4 
LSB 16-Bit — TI1C2 OUTENA | | 
msp Counter 168 T1C1 INT FLAG TICTL4.6) | & TiPWM 
3° 
= 


TICTL3.5}—O 


e T1CTL3.0 


T1C1 OUT ENA 


2 Reset 
TiC1 
T1 SW RST ENA 


T1C.15-0 (> TICTL4.3 
RESET a T1C1 INT ENA 
T1CTL2.0 TICTL4.4 Compare T1CR OUT ENA 


Register MSB 


T1 OVREL INT FLAG 


T1CTL2.4 


T1 OVRFEL INT ENA 


O >. 
T1CTL4.1 


T1CR 
T1PC2.3-0 RST ENA 


T1CTL4.0 
T1EDGE DET ENA 


TICTL4.2 
T1EDGE POLARITY 


T1ICTL3.2 


T1EDGE INT ENA 


Figure 8. Dual-Compare Mode 
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programmable timer 1 (continued) 


The TMS370CxCx device includes a 24-bit WD timer, contained in the T1 module, which can be programmed 
as an event counter, pulse accumulator, or interval timer if the watchdog function is not used. The WD function 
is to monitor software and hardware operation and to implement a system reset when the WD counter is not 
properly serviced (WD counter overflow or WD counter is re-initialized by an incorrect value). The WD can be 
configured as one of the three mask options as follows: 


@ Standard watchdog configuration (see Figure 9) — for EPROM and mask-ROM devices: 
— Watchdog mode 
— Ten different WD overflow rates ranging from 6.55 ms to 3.35 s at 5 MHz SYSCLK 


— AWDresetkey (WDRST) register is used to clear the watchdog counter (WDCNTR) when acorrect 
value is written. 


— Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows 


— Awatchdog overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


— Non-watchdog mode 


— Watchdog timer can be configured as an event counter, pulse accumulator, or an interval timer. 


WD OVRFL 
16-Bit sides 
WatchdogCounter 
Oo” O——— interrupt 
eee WD OVRFL 
INT ENA 
er a 
ei Ay S O—————— System Reset 

WD OVRFL 

Watchdog Reset Key RST ENA 


WDRST.7-0 


Figure 9. Standard watchdog 
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programmable timer 1 (continued) 


@ Hard watchdog configuration (see Figure 10) — for mask-ROM devices: 


Eight different WD overflow rates ranging from 26.2 ms to 3.35 s at 5 MHz SYSCLK 


A WD reset key (WDRST) register is used to clear the watchdog counter (WDCNTR) when a correct 
value is written. 


Generates a system reset if an incorrect value is written to the watchdog reset key or if the counter 
overflows. 


Automatic activation of the WD timer upon power-up reset 
INT1 is enabled as a nonmaskable interrupt during low-power modes. 


A watchdog overflow flag (WD OVRFL INT FLAG) bit that indicates whether the WD timer initiated a 
system reset 


WDCNTR.15-0 
WD OVRFL 
16-Bit INT FLAG 
Watchdog Counter 
TICTL2.5 


Reset 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


System Reset 


Watchdog Reset Key 


Figure 10. Hard Watchdog 


@ Simple counter configuration — for mask-ROM devices only (see Figure 11) 


Simple counter can be configured as an event counter, pulse accumulator, or an internal timer. 
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programmable timer 1 (continued) 


WD OVFL 
16-Bit gi tideie 
Watchdog Counter 
O————— Interrupt 


WD OVRFL 
INT ENA 


Clock 
Prescaler 


T1CTL1.7 


WD OVRFL 
TAP SEL 


Watchdog Reset Key 


WDRST.7-0 


Figure 11. Simple Counter 


serial communications interface 2 module 


The TMS370CxCx devices include a serial communications interface 2 (SCI2) module. The SCI2 module 
supports digital communications between the TMS370 devices and other asynchronous peripherals and uses 
the standard non-return-zero (NRZ) format. The SCl2 modules receiver and transmitter are double buffered, 
and each has its own separate enable and interrupt bits. Both can be operated independently or simultaneously 
in the full duplex mode. To ensure data integrity, the SCl2 checks received data for break detection, parity, 
overrun, and framing errors. The speed of bit rate (baud) is programmable to over 65,000 different speeds 
through a 16-bit baud-select register. Features of the SCI2 module include: 


@ Two external pins: 
— SCITXD: SCl2 module transmit-output pin or general-purpose bidirectional I/O pin. 
— SCIRXD: SCl2 module receive-input pin or general-purpose bidirectional I/O pin. 
Asynchronous communications mode 
Baud rate: 64K different programmable rates 
— Asynchronous mode: 3 bps to 156K bps at 5 MHz SYSCLK 


SYSCLK 


Asynchronous Baud = (BAUD REG + 1) x 32 


@ Data word format: 
— One start bit 
— Data word length programmable from one to eight bits 
— Optional even/odd/no parity bit 


— One or two stop bits 
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serial communications interface 2 module (continued) 


PF 


PO50 


P051 


P052 


P053 


P054 


PO55 


PO56 
P057 
P058 


PO59 
PO5A 


to 


PO5D 


PO5E 


PO5F 


@ Four error-detection flags: parity, overrun, framing, and break detection 
Two wake-up multiprocessor modes: Idle-line and address bit 


@ Half or full-duplex operation 


Double-buffered receiver and transmitter operations 


Transmitter and receiver operations can be accomplished through either interrupt-driven or 
polled-algorithms with status flags: 


— Transmitter: TXRDY flag (transmitter buffer register is ready to receive another character) and TX 
EMPTY flag (Transmitter shift register is empty) 


— Receiver: RXRDY flag (receive buffer register ready to receive another character), BRKDT flag (break 
condition occurred), and RX ERROR monitoring four interrupt conditions 


— Separate enable bits for transmitter and receiver interrupts 
— NRZ format 
@ Ten SCl2 module control registers located in control register frame beginning at address PO50 


The SCl2 module control registers are listed in Table 14. Privilege bits are shown in bold typeface and shaded. 


Table 14. SCI2 Module Control Register Memory Map 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
EVEN/ODD PARITY ADDRESS/ 
STOP BITS PARITY ENABLE eter IDLE WUP SCI CHAR2 | SCI CHAR1 | SCI CHARO | SCICCR 
SCI SW 
BAUDF 
(MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 es 
SCI TX 
RX SCI RX 


BAUD MSB 


BAUD LSB 


TXCTL 


RXCTL 


RESERVED 


RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 


RESERVED 
TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 


RESERVED 


SCITXD | sciTxD | sciTxD | scitxD | scinxD | scinxp | scirRxD | SCIRXD 

DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION | DATADIR 
SCITX SCIRX 

scistest| omonry | monty | esren | ~ | ~ | ~ | ~ 


RXBUF 


TXBUF 


SCIPC2 


SCIPRI 
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serial communications interface 2 module (continued) 


The SCl2 module block diagram is illustrated in Figure 12. 


TXWAKE TXBUF.7-0 


Frame Format and Mode 


PARITY 
EVEN/ODD ENABLE 


O O 


TX EMPTY 


BAUD MSB. 7-0 
Baud Rate 
MSbyte Reg. 
BAUD LSB. 7-0 
Baud Rate 
LSbyte Reg. 


RXWAKE 


SCIRXD 


RXBUF.7-0 


Figure 12. SCI2 Block Diagram 
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serial communications interface 2 module (continued) 
SCI communication control register (SCICCR) 


The SCICCR register defines the character format, protocol, and communications modes used by the SCl2. 


Table 15. SC! Communication Control Register (SCICCR) [Memory Address — 1050h] 


Bit # 
STOP EVEN/ODD PARITY ADDRESS/ 
P050 BITS PARITY ENABLE ad IDLE WUP SCI CHAR2 | SCI CHAR1 | SCI CHARO 


RW-0O RW-0O RW-0O RW-O RW-0O RW-—0O 
R = read, W = write, —n = value of the bit after the register is reset 
Bits 0-2 SCI CHARO-2 (SCI character length control bits 0-2) 


These bits select the SCI character (data) bit length, from 1 to 8 bits. Characters of less than 
8 bits are right-justified in RXBUF and TXBUF, and are padded with leading Os in RXBUF. TXBUF 
need not be padded with leading Os. 


Table 16. Character Bit Length 


SCI CHAR2 SCI CHAR1 SCI CHARO Character a 


Bit 3 ADDRESS/IDLE WUP (SCI multiprocessor mode control bit) 


This bit selects the multiprocessor mode. 
= Selects idle line mode 
1 = Selects address bit mode 
The idle line mode is usually used for normal communications because the address bit mode adds 
an extra bit to the frame; the idle line mode does not add this extra bit and is compatible with 


RS-232-type communications. Multiprocessor communication is different from the other 
communications modes because it uses TXWAKE and SLEEP functions. 


Bit 4 Reserved (read data is indeterminate) 
Bit 5 PARITY ENABLE (SCI parity enable) 


This bit enables or disables the parity function. When parity is enabled during the address bit 
multiprocessor mode, the address bit is included in the parity calculation. 

0 = Disables parity. No parity bit is generated during transmission or expected during reception. 
1 = Enables parity 
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serial communications interface 2 module (continued) 


Bit 6 


Bit 7 


EVEN/ODD PARITY (SCI parity enable) 


If the PARITY ENABLE bit is set, this bit selects odd or even parity (odd or even number of bits 
in both transmitted and received characters). 

O = Sets odd parity 

1 Sets even parity 

STOP BITS (SCI number of stop bits) 


This bit determines the number of stop bits transmitted. The receiver checks for one stop bit only. 
O = One stop bit 
1 Two stop bits 


SCI control register (SCICTL) 


The SCICTL register controls the RX/TX enable, TXWAKE and SLEEP functions, and the SCI software reset. 


Bit # 


Table 17. SCI Control Register (SCICTL) [Memory Address — 1051h] 


6 5 4 3 2 1 0 
SCI SW 
P0511 oe re RESET Bea as TXWAKE SLEEP TXENA RXENA 


RW-0O RW-0 RS-0 RW-0O RW-0O RW-O 


R = read, W = write, S = set only, —n = value of the bit after the register is reset 


Bit 0 


Bit 1 


Bit 2 


RXENA (SCI receive enable) 


When this bit is set, received characters are transferred into RXBUF, and the RXRDY flag is set. 
When cleared, this bit prevents received characters from being transferred into the receiver buffer 
(RXBUF), and no receiver interrupts are generated. However, the receiver shift register continues 
to assemble characters. As a result, if RXENA is set during the reception of a character, the 
complete character is transferred into RXBUF. 


0 = Disables SCI receiver 

1 = Enables SCI receiver 

TXENA (SCI transmit enable) 

Data transmission through the SCITXD pin occurs only when this bit is set. If this bit is reset, the 
transmission is not halted until all the data previously written to TXBUF has been sent. 

0 = Disables SCI transmitter 

1 = Enables SCI transmitter 


SLEEP (SCI sleep) 


This bit controls the receive features of the multiprocessor communication modes. This bit must 
be cleared to bring the SCI out of sleep mode. 

0 = Disables sleep mode 

1 Enables sleep mode 
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serial communications interface 2 module (continued) 


Bit 3 


Bit 4 
Bit 5 


Bits 6, 7 


TXWAKE (SCI transmitter wake-up) 


The TXWAKE bit controls the transmit features of the multiprocessor communication modes. This 
bit is cleared only by system reset. The SCI hardware clears this bit, once it has been transferred 
to wake-up temporary (WUT). 


Reserved (read data is indeterminate) 
SCI SW RESET (SCI software reset—active low) 


Writing a 0 to this bit initializes the SCI state machines and operation flags to the reset condition. 
All affected logic is held in the reset state until a 1 is written to the SCI SW RESET bit. After a 
system reset, you must re-enable the SCI by writing a 1 to this bit. This bit must be cleared after 
a receiver break detect. 


SCI SW RESET affects the operating flags of the SCI. This bit does not affect the configuration 
bits, nor does it put in the reset values. The flags listed in Table 18 are set to the values shown 
when SCI SW RESET is cleared. The operating flags are frozen until the SCl SW RESET bit is 
set again. 


Table 18. Flags Affected by SCI SW RESET 


a RR Es ee NRT Sie Bla Sore 
Bes: Age Bee es eas eae A ae 
ee, RES sR ve ee oe ISA 
is SUSE a baielbeer SUMORatn ary wevicce: to2 st nO Sidi neivy | 
PSOE RAG PEROT IPC 20 Slt EBRD atta 

De es ere 

Vea: When ER 


BRKDT RXCTL.5 
RXRDY RXCTL.6 
RX ERROR RXCTL.7 


Reserved (read data is indeterminate) 


baud-select registers (BAUD MSB and BAUD LSB) 


The BAUD MSB and BAUD LSB registers store the data required to generate the bit rate. The SCI2 uses the com- 
bined 16-bit value, BAUD REG, of the baud-select registers to set the internal SCI2 clock frequency. 


@ For asynchronous-mode communication, data is transmitted and received at the rate of one bit for each 
16 internal SCICLK periods. 


The asynchronous bit rates are calculated as follows: 
Asynchronous Baud = SYSCLK / [((BAUD REG + 1) 32] 
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Table 19. Baud-Select Register (BAUD MSB) [Memory Address — 1052h] 


Bit # 7 6 5 4 3 2 1 0 
BAUDF 
P052 (MSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
RW-0 RW-0O RW-0O RW-0 RW-—0O RW-O0O RW-0O RW-—0O 


R = read, W = write, —n = value of the bit after the register is reset 


Table 20. Baud-Select Register (BAUD LSB) [Memory Address — 1053h] 


Bit # 7 6 5 4 3 2 1 0 
BAUDO 
P053 BAUD7 BAUD4 BAUD3 BAUD2 BAUD1 (LSB) 
RW-0 RW-0O RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
R = read, W = write, —n = value of the bit after the register is reset 
SCI transmitter interrupt control and status register (TXCTL) 
The TXCTL register contains the transmitter interrupt-enable bit, the transmitter-ready flag, and the 
transmitter-empty flag. The status flags are updated each time a complete character is transmitted. 


Table 21. SCI Transmitter Interrupt Control and Status Register (TXCTL) [Memory Address — 1054h] 


Bit # 7 6 5 4 3 2 1 0 
SCI TX 
R-1 R-1 RW-0O 


R = read, W = write, —n = value of the bit after the register is reset 
Bit O SCI TX INT ENA (SCI transmitter ready interrupt enable) 
This bit controls the ability of the TXRDY bit to request an interrupt but does not prevent the 
TXRDY bit from being set. The SCI TX INT ENA bit is set to 0 by a system reset. 
0 = Disables SCI TXRDY interrupt 
1 = Enables SCI TXRDY interrupt 


Bits 1-5 Reserved (read data is indeterminate) 
Bit 6 TX EMPTY (SCI transmitter empty) 


This bit indicates the status of the transmitter-shift register and the TXBUF register. TX EMPTY 
is set to 1 by an SCI SW RESET or by a system reset. 


0 = The CPU has written data to the TXBUF register; the data has not been completely 
transmitted. 


1 = TXBUF and TXSHF registers are empty. 
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Bit 7 


TXRDY (SCI transmitter ready) 


The TXRDY bit is set by the transmitter to indicate that TXBUF is ready to receive another 
character. The bit is automatically cleared when a character is loaded into TXBUF. This flag 
asserts a transmitter interrupt if the interrupt-enable bit SCI TX INT ENA (TXCTL.O) is set. TXRDY 
is a read-only flag. It is set to 1 by an SCI SW RESET or by a system reset. 

0 = TXBUF is full. 


1 = TXBUF is ready to receive a character. 


SCI receiver interrupt control and status register (RXCTL) 


The RXCTL register contains one interrupt-enable bit and seven receiver-status flags (two of which can generate 
interrupt requests). The status flags are updated each time a complete character is transferred to the RXBUF. 
They are cleared each time RXBUF is read. 


Bit 


Table 22. SCI Receiver Interrupt Control and Status Register (RXCTL) [Memory Address — 1055h] 


# 


7 6 e 4 3 2 1 0 
SCI RX 
-0 R-0 R-0 R-0 R-0 R-0 R-0 


RXE 
R 


RW-0 


R = read, W = write, —n = value of the bit after the register is reset 


Bit 0 


Bit 1 


Bit 2 


SCI RX INT ENA (SCI receiver interrupt enable) 

The SCI RX INT ENA bit controls the ability of the RXRDY and the BRKDT bits to request an 
interrupt but does not prevent these flags from being set. 

0 = Disables RXRDY/BRKDT interrupt 

1 = Enables RXRDY/BRKDT interrupt 


RXWAKE (receiver wake-up detect) 


The SCI sets this bit when a receiver wake-up condition is detected. In the address bit 
multiprocessor mode, RXWAKE reflects the value of the address bit for the character contained 
in RXBUF. In the idle line multiprocessor mode, RXWAKE is set if an idle SCIRXD line is detected. 
RXWAKE is a read-only flag. It is cleared by transfer of the first byte after the address byte to 
RXBUF, by reading the address character in RXBUF, by an SCI SW RESET, or by a system reset. 


PE (SCI parity error flag) 


This flag bit is set when a character is received with a mismatch between the number of 1s and 
its parity bit. The parity checker includes the address bit in the calculation. If parity generation and 
detection are not enabled, the PE flag is disabled and read as 0. The PE bit is reset by an SCI SW 
RESET, by a system reset, or by reading RXBUF. 

0 = No parity error or parity is disabled 


1 = Parity error detected 
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serial communications interface 2 module (continued) 


Bit 3 


Bit 4 


Bit 5 


Bit 6 


Bit 7 


OE (SCI overrun error flag) 


The SCI sets this bit when a character is transferred into RXBUF before the previous character 
has been read out. The previous character is overwritten and lost. The OE flag is reset by an SCI 
SW RESET, by a system reset, or by reading RXBUF. 


O = No overrun error detected 
1 = Overrun error detected 


FE (SCI framing error flag) 


The SCI sets this bit when it does not find a stop bit that it expects. Only the first stop bit is checked. 
The missing stop bit indicates that synchronization with the start bit has been lost and that the 
character is incorrectly framed. It is reset by an SCI SW RESET, by a system reset, or by reading 
RXBUF. 


O = No framing error detected 
1 = Framing error detected 


BRKDT (SCI break detect flag) 


The SCI sets this bit when a break condition occurs. A break condition occurs when the SCIRXD 
line remains continuously low for at least 10 bits, beginning after a missing first stop bit. The 
occurrence of a break causes a receiver interrupt to be generated if the SCI RX INT ENA bit is 
a 1, but it does not cause the receiver buffer to be loaded. A BRKDT interrupt can occur, even if 
the receiver SLEEP bit is set to 1. 


BRKDT is cleared by an SCI SW RESET or by a system reset. It is not cleared by receipt of a 
character after the break is detected. In order to receive more characters, the SCI must be reset 
by toggling the SCI SW RESET bit or by a system reset. 


RXRDY (SCI receiver ready) 


The receiver sets this bit to indicate that RXBUF is ready with a new character and clears the bit 
when the character is read. A receiver interrupt is generated if the SCI RX INT ENA bit is a 1. 
RXRDY is reset by an SCI SW RESET or by a system reset. 


RX ERROR (SCI receiver error flag) 


The RX ERROR flag indicates that one of the error flags in the receiver status register is set. It 
is a logical OR of the parity, overrun, framing error, and break detect flags. The bit can be used 
for fast error condition checking during the interrupt service routine because a negative value of 
the status register indicates that an error condition has occurred. This error flag cannot be cleared 
directly but is cleared if no individual error flags are set. This bit is cleared by an SCI SW RESET, 
by a system reset, or by reading RXBUF. 
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SCI receiver data buffer register (RXBUF) 


The RXBUF register contains current data from the receiver shift register. RXBUF is cleared by a system reset. 


Table 23. SCI Receiver Data Buffer Register (RXBUF) [Memory Address — 1057h] 


Bit # 7 6 5 + 3 2 1 0 
P057 RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 
R-O R-O R-0O R-O R-O R-0O R-0O R-0O 


R = read, W = write, —n = value of the bit after the register is reset 


SCI transmitter data buffer register (TXBUF) 


The TXBUF register is a read/write register that stores data bits to be transmitted by SCITX. Data written to TXBUF 
must be right-justified because the left-most bits are ignored for characters less than eight bits long. 


Table 24. SCI Transmit Data Buffer Register (TXBUF) [Memory Address — 1059h] 


Bit # Y § 6 5 + 3 2 1 0 
PO59 TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 
RW-0O RW-0O RW-0O RW-0O RW-0O RW-0O RW-0O RW-—0O 


R = read, W = write, —n = value of the bit after the register is reset 
SCI port control register 2 (SCIPC2) 
The SCIPC2 register controls the SCIRXD and SCITXD pin functions. 


Table 25. SCI Port Control Register 2 (SCIPC2) [Memory Address — 105Eh] 


Bit # 7 6 5 4 3 2 1 0 
POSE SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 
R-O RW-0O RW-0 RW-—O R-O RW-0O RW-—0O RW-0O 


R = read, W = write, —n = value of the bit after the register is reset 


Bit 0 SCIRXD DATA DIR (SCIRXD data direction) 
This bit determines the data direction on the SCIRXD pin if SCIRXD has been defined as a 
general-purpose I/O pin. 
0 = SCIRXD pin is a general-purpose input pin. 
1 = SCIRXD pin is a general-purpose output pin. 
Bit 1 SCIRXD FUNCTION 


This bit defines the function of the SCIRXD pin. 
0 = SCIRXD pin is a general-purpose digital I/O pin. 
1 = SCIRXD pin is the SCI receiver pin. 
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Bit 2 


Bit 3 


Bit 4 


Bit 5 


Bit 6 


Bit 7 


SCIRXD DATA OUT 

This bit contains the data to be output on the SCIRXD pin if the following conditions are met: 
@ SCIRXD pin has been defined as a general-purpose I/O pin. 

@ SCIRXD pin data direction has been defined as output. 

SCIRXD DATA IN 

This bit contains the current value on the SCIRXD pin. 

SCITXD DATA DIR (SCITXD data direction) 


This bit determines the data direction on the SCITXD pin if SCITXD has been defined as a 
general-purpose |/O pin. 


0 = SCITXD pin is a general-purpose input pin. 

1 = SCITXD pin is a general-purpose output pin. 
SCITXD FUNCTION 

This bit defines the function of the SCITXD pin. 

0 = SCITXD pin is a general-purpose digital I/O pin. 
1 SCITXD pin is the SCI transmit pin. 

SCITXD DATA OUT 


This bit contains the data to be output on the SCITXD pin if the following conditions are met: 


@ SCITXD pin has been defined as a general-purpose 1/O pin. 
® SCITXD pin data direction has been defined as output. 
SCITXD DATA IN 


This bit contains the current value on the SCITXD pin. 


SCI priority control register (SCIPRI) 


The SCIPRI register contains the receiver and transmitter interrupt-priority select bits. This register is read-only 
during normal operation but can be written to in the privileged mode. 


Bit # 


Table 26. SCI Priority Control Register (SCIPRI) [Memory Address — 105Fh] 


6 5 


3 2 ’ : 
SCITX SCIRX SCI eS 
POSF | SCISTEST | priority | PRIORITY ESPEN Ree ees ieee 


RP-O RP-O RP-—O 


R = read, P = privilege write only, —n = value of the bit after the register is reset 


Bits 0-3 


Reserved (read data is indeterminate) 
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Bit 4 SCI ESPEN (SCI emulator suspend enable) 


This bit has no effect except when you are using the XDS emulator to debug a program. Then, 
this bit determines how the SCI operates when the program is suspended by an action such as 
a hardware or software breakpoint. 


0 = When the emulator is suspended, the SCI continues to work until the current transmit or 
receive sequence is complete. 


When the emulator is suspended, the SCI state machine is frozen so that the state of the 
SCI can be examined at the point that the emulator was suspended. 


Bit 5 SCI RX PRIORITY (SCI receiver interrupt priority select) 
This bit assigns the interrupt-priority level of the SCI receiver interrupts. 
0 Receiver interrupts are level 1 (high-priority) requests. 
1 Receiver interrupts are level 2 (low-priority) requests. 

Bit 6 SCI TX PRIORITY (SCI transmitter interrupt priority select) 


This bit assigns the interrupt-priority level of the SCI transmitter interrupts. 
0 = Transmitter interrupts are level 1 (high-priority) requests. 


—_ 
HT 


1 = Transmitter interrupts are level 2 (low-priority) requests. 
Bit 7 SCI STEST (SCI STEST) 


analog-to-digital converter 2 module 


The analog-to-digital converter 2 (ADC2) module is an 8-bit, successive approximation converter with internal 
sample-and-hold circuitry. The module has four multiplexed analog input channels that allow the processor to 
convert the voltage levels from up to four different sources. The ADC2 module features include the following: 


@ Minimum conversion time: 32.8 us at 5 MHz SYSCLK 
@ Four external pins: 


— Four analog input channels (ANO—ANS3), any of which can be software configured as digital inputs 
(EO—ES) if not needed as analog channels 


— AN1—AN3 also can be configured as positive-input voltage reference. 
The ADDATA register, which contains the digital result of the last analog-to-digital (A/D) conversion 
A/D operations can be accomplished through either interrupt-driven or polled algorithms. 


Six ADC2 module control registers located in the control register frame beginning at address 1070h 
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analog-to-digital converter 2 module (continued) 


The ADC2 module control registers are listed in Table 27. 


Table 27. ADC2 Module Control Register Memory Map 


PF BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
P070 CONVERT | SAMPLE REF VOLT | REF VOLT AD INPUT | AD INPUT ADCTL 
START START SELECT1 SELECTO SELECT1 SELECTO 
AD INT AD INT 
P072 A/D Conversion Data Register ADDATA 
P073 
to RESERVED 
PO7C 
Po7D Real SESE OS Me AOE Port E Data Input Register ADIN 
PoE} — | Port E Input Enable Register ADENA 
ADPRI 


PO7F 
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analog-to-digital converter 2 module (continued) 


The ADC2 module block diagram is illustrated in Figure 13. 


AN 1 | 


> 


eau. [romeo 
ANO 

ADENA.O | | SAMPLE CONVERT 

ano > aot LADINO | | a=} | START START 
Se O : ADCTL.1-0 ADCTL.6 ADCTL.7 
fe) npu 
ENA 1 | PortE Data || AD INPUT SELECT 
| 


AN 3 | 


det ho ge ) Port E Data | 
| _AN2 
o\Cann2) 
_AN2 > eee | 
gait Ag ge Port E Data | 
| 


ADDATA.7-0 


A-to-D 


ADCTL.4-3 


Conversion 
Data Register 


AD READY 


Wee > 
> 


ADPRI.6 


AD INT FLAG 


AD INT ENA 


Figure 13. ADC2 Block Diagram 
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analog-to-digital converter 2 module (continued) 


Table 28. A/D CONTROL REGISTER (ADCTL) 


Bit # 7 6 5 4 3 2 1 0 
PO70 CONVERT SAMPLE REF VOLT REF VOLT AD INPUT AD INPUT 
START START SELECT1 SELECTO SELECT1 SELECTO 
RW-0 RW-0O RW-0 RW-0 RW-O RW-0 RW-0 


R = read, W = write, —n = value of the bit after the register is reset 
Bits O-1 AD INPUT SELECT 0-1 (analog input channel select bits 0-1) 


These bits select the channel used for conversion. Channels should be changed only after the 
ADC2 module has cleared the SAMPLE START and CONVERT START bits. Changing the 
channel while either SAMPLE START or CONVERT START is 1 invalidates the conversion in 
progress. 


Table 29. Analog-Input Channel Selection 
AD INPUT AD INPUT AD INPUT 
SELECT 1 SELECT 0 CHANNEL 


0 0 ANO 
0 1 AN1 
1 0 AN2 
1 1 AN3 


Bit 2 Reserved (read data is indeterminate) 
Bits 3—4 REF VOLT SELECT 3-4 (reference voltage (+Vprer) select bits 3—4) 


These bits select the channel the ADC2 module uses for the positive voltage reference. These 
bits must not change during the entire conversion. 


Table 30. Voltage-Channel Selection 
REF VOLT REF VOLT +VREF 
SELECT 1 SELECT 0 SOURCE 


0 0 Vcc 

0 1 AN1 

1 0 AN2 

1 1 AN3 
) 


Bit 5 Reserved (read data is indeterminate 
Bit 6 SAMPLE START (sample start) 


Setting this bit stops any ongoing conversion and starts sampling the selected input channel to 
begin a new conversion. This bit is cleared by the ADC2 module. Entering HALT or STANDBY 
mode clears this bit and aborts any sampling in progress. 


Bit 7 CONVERT START (conversion start) 


Setting this bit starts the conversion. This bit is cleared by the ADC2 module. Entering HALT or 
STANDBY mode clears this bit and aborts any conversion in progress. 
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analog-to-digital converter 2 module (continued) 


Table 31. A/D Control Register (ADSTAT) 


Bit # 
P071 AD AD INT AD INT 
READY FLAG ENA 


RC-0 RW-0 
R = read, W = write, C = clear only, —n = value of the bit after the register is reset 
Bit O AD INT ENA (A/D interrupt enable) 
This bit controls the ADC2 module’s ability to generate an interrupt. 
0 = Disable A/D interrupt 
1 Enable A/D interrupt 
Bit 1 AD INT FLAG (A/D interrupt flag) 


The ADC2 module sets this bit at the end of an ADC2 conversion. If this bit is set while the A/D 
INT ENA bitis set, an interrupt request is generated. Clearing this flag clears pending A/D interrupt 
requests. This bit is cleared by the system reset or by entering HALT or STANDBY mode. Software 
cannot set this bit. 


Bit 2 AD READY (A/D converter ready) 


The ADC2 module sets this bit whenever a conversion is not in progress and the ADC2 is ready 
for a new conversion to start. Writing to this bit has no effect on its state. 


0 = Conversion is in process 
1 = Converter is ready 
Bits 3-7 Reserved (read data is indeterminate) 
Table 32. A/D Conversion Data Register (DATA) 
Bit # 
p072 
R-0 R-0 R-0 R-0 R-O R-0 R-0 R-0 


R = read, —n = value of the bit after the register is reset 


The analog-to-digital conversion data is loaded into this register at the end of a conversion and remains until 
replaced by another conversion. 


Table 33. ANO—AN3 Port EOQ—E3 Data Input Register (ADIN) 
Bit # 


PO7D DATA IN DATA IN DATA IN DATA IN 
AN3 AN2 AN1 ANO 


R = read, —n = value of the bit after the register is reset 
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Bits 0-3 PORT E DATA ANO-ANS (Analog port E data in) 


The ADIN register shows the data present at the pins configured for general-purpose input instead 
of ADC2 channels. A bit is configured as general-purpose input if the corresponding bit of the port 
enable register is a 1. Pins configured as ADC2 channels are read as Os. Writing to this address 
has no effect. 


Bits 4—7 Reserved (read data is indeterminate) 


Table 34. ANO—AN3 Port EO—E3 Data Input-Enable Register (ADENA) 


Bit # 

PO7E INPUT INPUT INPUT INPUT 
ENA 3 ENA 2 ENA 1 ENA 0 
RW-—0 RW-O RW-O RW-0 


R = read, W = write, —n = value of the bit after the register is reset 
Bits 0-3 INPUT ENA 0-3 (Analog port E input enable) 
The ADENA register individually configures the pins ANO—AN3S as either analog-input channels 
or as general-purpose input pins. 


0 = The pin becomes an analog-input channel for the ADC2. When the bit is 0, the 
corresponding bit in the ADIN register reads 0. 


1 = Enables the pin as a general-purpose input pin and its digital value can be read from the 
corresponding bit in the ADIN register. 


Bits 4—7 Reserved (read data is indeterminate) 


Table 35. Analog Interrupt Priority/Conversion Rate Register (ADPRI) 


Bit # 
RP-—O RP-O RP-O RW-0 
R = read, W = write, P = privileged write, —n = value of the bit after the register is reset 
Bits 0-4 Reserved (read data is indeterminate) 
Bit 5 AD ESPEN (emulator suspend enable) 


Normally this bit has no effect. However, when using the XDS emulator to debug a program, this 

bit determines what happens to the ADC2 when the program is suspended by an action such as 

a hardware or software breakpoint. 

0 = When the emulator is suspended, the ADC2 continues to run until the conversion is 
complete 

1 = When the emulator is suspended, the ADC2 is frozen so that its state can be examined at 
the point that the emulator was suspended. The conversion data is indeterminate upon 
restart. 


sal TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 17-43 


TMS370CxCx 
8-BIT MICROCONTROLLER 


SPNS040A — NOVEMBER 1995 — REVISED MARCH 1996 


analog-to-digital converter 2 module (continued) 


Bit 6 AD PRIORITY (A/D interrupt priority select) 


This bit selects the priority level of the A/D interrupt. 
0 = A/D Interrupt is a higher priority (level 1) request. 
1 = A/D Interrupt is a lower priority (level 2) request. 


Bit 7 AD STEST (this bit must be cleared to ensure proper operation) 


instruction set overview 


Table 36 provides an opcode-to-instruction cross-reference of all 73 instructions and 274 opcodes of the 
‘370CxCx instruction set. The numbers at the top of this table represent the most significant nibble of the opcode 
while the numbers at the left side of the table represent the least significant nibble. The instructions for these 
two opcode nibbles contain the mnemonic, operands, and byte/cycle specific to that opcode. 


For example, the opcode B5h points to the CLR A instruction. This instruction contains one byte and executes 
in eight SYSCLK cycles. 
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Table 36. TMS370 Family Opcode/Instruction Mapt 


BTJO 
#n,Rd,ra 
4/10 


Rs,Rd,ra #n,B,ra 
4/11 3/8 


ADD ADD 
#n,B #n,Rd 
2/6 3/8 


ADC ADC 
#n,B #n,Rd 
2/6 3/8 


SUB SUB 
#n,B #n,Rd 
2/6 3/8 


SBB SBB 
#n,B #n,Rd 
2/6 3/8 


BTJO 
A,Pd,ra #n,Pd,ra 
3/11 4/11 


MOVW 
#16[B],Rpd 
4/15 


JMPL 
*lab[B] 
3/11 


MOV 
*lab[B],A 
3/12 


MOV 
#ra[SP],A 
2/7 


MOV 
A,*ra[SP] 
2/7 


CMP 
*n[SP],A 
2/8 


extend 
inst,2 
opcodes 


XCHB A/ 
TST B 
1/10 


T All conditional jumps (opcodes 01-OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instructions 
have a relative address as the last operand. 


9661 HOUVW GASIASY — S66} HAEWSAON — VOVOSNdS 


SYA TIOULNOQOUOINN LId-8 


XOXOOZESINL 


> 


9b-ZL 


Evyl-LSZZZ SWX3L ‘NOLSNOH efrrl XOE 30IS4O LSOd 


SLNANNUYLISN 


tr 


SVX] 


Zor 


Table 36. TMS370 Family Opcode/Instruction Mapt (Continued) 


0 1 2 3 4 5 


MPY 
Cc ; Rs,Rd 
3/48 


CMP 
D Rs,Rd 
3/9 


DAC 
E Rs,Rd 

3/11 

DSB 
F Rs,Rd 


3/11 


Legend: 

“= _ Indirect addressing operand prefix 
& = Direct addressing operand prefix 
# = immediate operand 

#16 = immediate 16-bit number 

lab = 16-label 

n = immediate 8-bit number 


Pd = Peripheral register containing destination type 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address 

Rd = Register containing destination type 

Rn = Register file 

Rp = Register pair 

Rpd= Destination register pair 

Rps= Source Register pair 

Rs = Register containing source byte 


tT All conditional jumps (opcodes 01-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instructions 


have a relative address as the last operand. 


CALL 
lab 
3/13 


CALLR 


lab 


3/15 


BR 
*lab[B] 
3/11 


CMP 
*lab[B],A 
3/13 


CALLR 
“lab[B]) 
3/17 


B 
RR 
A 
1/8 
RRC 
A 
1/8 
RL 
A 
1/8 
RLC 
A 
1/8 


Second byte of two-byte instructions (F4xx): 


Cc 
RR 
B 
1/8 
RRC 
B 
1/8 
RL 
B 
1/8 
RLC 
B 
1/8 
F4 
F4 
F4 
F4 
F4 
F4 
F4 


F4 


MOV 
A,*n[Rn] 
4/16 


CMP 
*n({Rn],A 
4/18 
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development system support 


The TMS370 family development support tools include an assembler, a C compiler, a linker, an in-circuit 
emulator (XDS22 — extended development support), compact development tool, and an EEPROM/UVEPROM 
programmer. 


@ Assembler/linker (Part No. TMDS3740850-02 for PC) 
— Includes extensive macro capability 
— Allows high-speed operation 
— Provides format conversion utilities for popular formats. 


@ ANSI C Compiler (Part No. TMDS3740855—02 for PC, Part No. TMDS3740555—09 for HP700™, Sun-3™ 
or Sun-4™) 


— Generates assembly code for the TMS370 that can be inspected easily 
— Improves code execution speed and reduces code size with optional optimizer pass 
— Enables direct reference to the TMS370’s port registers by using a naming convention 
— Provides flexibility in specifying the storage for data objects 
— Interfaces C functions and assembly functions easily 
— Includes assembler and linker 
® CDT370 (compact development tool) real-time in-circuit emulation 
— Base (Part Number EDSCDT370 — for PC, requires cable) 
— Cable for 28-pin PLCC (Part No. EDSTRG28PLCCCX) 
— Cable for 28-pin DIP (Part No. EDSTRG28DILCX) 
— Includes EEPROM and EPROM programming support 
— Allows inspection and modification of memory locations 
— Allows uploading/downloading program and data memory 
— Executes programs and software routines 
— Includes 1024 samples trace buffer 
— Provides single-step executable instructions 
— Uses software breakpoints to halt program execution at selected address 
@ XDS/22 (extended development support) in-circuit emulator 
— Base (Part Number TMDS3762210 for PC, requires cable) 
— Cable for 28-pin DIP/ PLCC (Part No. TMDS3788828) 


— Contains all of the features of the CDT370 described previously but does not have the capability to 
program the data EEPROM and program EPROM 


— Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace 
samples with symbolic disassembly 


— Allows qualification of breakpoints by address and/or data on any type of memory acquisition. Up to four 
levels of events can be combined to cause a breakpoint 


HP700 is a trademark of Hewlett-Packard Company. 
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc. 
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development system support (continued) 


Provides timers for analyzing total and average time in routines 


Contains an eight-line logic probe for adding visibility of external signals to the breakpoint qualifier and 
for tracing display 


Microcontroller programmer 


Base (Part No. TMDS3760500A — for PC, requires programmer head) 
— Single unit head for 28-pin PLCC (Part No. TMDS3780510A) 
— Single unit head for 28-pin DIP (Part No. TMDS3780511A) 


Personal computer based, window/function-key-oriented user interface for ease of use and rapid 
learning environment 


Design kit (Part No. TMDS3770110 — for PC) 


Includes TMS370 Application Board and TMS370 Assembler diskette and documentation 
Supports quick evaluation of TMS370 functionality 
Provides capability to upload and download code 


Provides capability to execute programs and software routines and to single-step executable 
instructions 


Provides software breakpoints to halt program execution at selected addresses 
Includes wire-wrap prototype area 


Includes reverse assembler 


Starter Kit (Part No. TMDX37000 — For PC) 


Includes TMS370 Assembler diskette and documentation 
Includes TMS370 Simulator 

Includes programming adapter board and programming software 
Does not include (to be supplied by the user): 

— +5 V power supply 

— ZIF sockets 

— Nine-pin RS232 cable 
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device numbering conventions 


Figure 14 illustrates the numbering and symbol nomenclature for the TMS370CxCx family. 
TMS 370 C 3 CO A FNL 


Prefix: TMS = Standard prefix for fully qualified devices 
SE System evaluator that is used for 
prototyping purpose. 


Family: 370 TMS370 8-Bit Microcontroller Family 
Technology: = CMOS 
ci Program Memory Types: Mask ROM, No Data EEPROM 


EPROM, No Data EEPROM 


*xCx devices containing the following modules: 
— Timer 1 
— Analog-to-Digital Converter 2 (ADC2) 
— Serial Communications Interface 2 (SCI2) 


4K bytes 
8K bytes 


-40°Cto 85°C 
o°Cto 70°C 
-40°Cto 105°C 


Plastic Leaded Chip Carrier 
Ceramic Leaded Chip Carrier 
Plastic Dual-In-Line 

Ceramic Dual-in-Line 


For ROM device, the watchdog timer can be configured 
as one of the three different mask options: 
- A standard watchdog 

— A hard watchdog 

— A simple watchdog 

The clock mask option can be: 

— Divide-by-4 clock 

— Divide-by-1 (PLL) clock 

The low-power modes can be: 

— Enabled 

— Disabled 


QO nw Oo 


Device Type: 


Memory Size: 


Temperature Ranges: 


zaeaurrPpo 
uuu 


yz 


Packages: 


= 
r>odZ 


ROM and EPROM Option: 


Figure 14. TMS370CxCx Family Nomenclature 
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device part numbers 


Table 37 lists all of the ’xCx devices available. The devices’ part number nomenclature is designed to assist 
ordering. Upon ordering, the customer must specify not only the device part number, but also the clock and 
watchdog timer options desired. Each device can have only one of the three possible watchdog timer options 
and one of the two clock options. The required options information pertains solely to orders involving ROM 


devices. 
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Table 37. Device Part Numbers 


DEVICE PART NUMBERS 
FOR 28 PINS (LCC) FOR 28 PINS (DIP) 


TMS370C3COAFNA TMS370C3COANA 
TMS370C3COAFNL TMS370C3COANL 
TMS370C3COAFNT TMS370C3COANT 


TMS370C6C2AFNT TMS370C6C2ANT 
SE370C6C2AFzZTt SE370C6C2AJDTT 


Tt System evaluators are for use in prototype environmentand their 
reliability has not been characterized. 
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new code release form 


Figure 15 shows a sample of the new code release form. 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release a new customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using Tl standard specification as incorporated in Tl’s applicable device data book. 


Company Name: Contact Mr./Ms.: 

Street Address: Phone: ( ) 

Street Address: 

City: i Customer Purchase Order Number: 


Customer Print Number “Yes: = 

No: __ (Std. spec to be followed) 
*If Yes: Customer must provide ”print” to Tl w/NCRF for approval before ROM 
code processing starts. 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 MICROCONTROLLERS 


OSCILLATOR FREQUENCY Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] External Drive (CLKIN) [] Disabled [] Hard Enabled [] PLL (/1) 
[] Crystal [] Simple Counter 
[] Ceramic Resonator 


NOTE: 


[] Supply Voltage MIN: Non ’A’ version ROM devices of the TMS370 microcontrollers will have the 


(std range: 4.5V to5.5V)—SOSS ; “Low-power modes Enabled”, “Divide-by-4” Clock, and “Standard” Watchdog 


options. See the TMS370 Family User’s Guide (literature number SPNU127) 
or the TMS370 Family Data Manual (literature number SPNSO14B). 


TEMPERATURE RANGE PACKAGE TYPE 
eee 0° to 70°C (standard) [] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[]’A’: —40° to 85°C [] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
ial —40° to 105°C [] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


SYMBOLIZATION BUS EXPANSION 


[] Tl standard symbolization [] YES [] NO 
[] Tl standard w/customer part number 
[] Customer symbolization 

(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 

ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires expedited production material 
(i.e., product which must be started in process prior to prototype approval and full production release) and non-standard spec issues are not resolved to the 
satisfaction of both the customer and TI in time for a scheduled shipment, the specification parameters in question will be processed/tested to the standard 
TI spec. Any such devices which are shipped without conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the 
TI part number. 


RELEASE AUTHORIZATION: 

This document, including any referenced attachments, is and will be the controlling document for all orders placed for this Tl custom device. Any changes must 
be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when this document is signed off and the verification 
code is approved by the customer. 


1. Customer: 2. Ti: Field Sales: 
Marketing: 
Prod. Eng.: 
Proto. Release: 


Figure 15. Sample New Code Release Form 
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Table 38 is a collection of all the peripheral file frames used in the ’CxCx (provided for a quick reference). 


Table 38. Peripheral File Frame Compilation 


System Configuration Registers 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 


COLD osc PF AUTO | OSCFLT MC PIN MC PIN uP/wC sebane 
START POWER WAIT | FLAG WPO DATA MODE 


HALT/ | PWRDWN/ BUS PRIVILEGE — 
STANDBY | IDLE STEST 


_DISABLE _ 
Reserved 


INT4 
EPCTL 
Reserved 
Digital Port-Control Registers 
Reserved APORT1 
Port A Control Register 2 (must be 0) APORT2 
Port A Data ADATA 
Port A Direction ADIR 
Reserved 
Port D Control Register 1 Port D Control Register 1 
(must be 0) (must be 0) raped | 
Port D Control Register 2 Port D Control Register 2 
(must be 0)t (must be 0)tT MEATS 
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Timer 1 Module Register Memory Map 


Modes: Dual-Compare and Capture/Compare 


T1Counter MSbyte Bit8 | TICNTR 


Compare Register MSbyte Bit8 | TiC 
Compare Register LSbyte 
Capture/Compare Register MSbyte Bit8 | T1CC 
Capture/Compare Register LSbyte 
Watchdog Counter MSbyte Bit8 | WOCNTR 
Watchdog Counter LSbyte 
Watchdog Reset Key BitO | WORST 


T To configure pin D3 as SYSCLK, set port D control register 2 = O8h. 
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Table 38. Peripheral File Frame Compilation (Continued) 


pel Bit7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 REG 
Mode: Dual-Compare and Capture/Compare (Continued) 
poag | WDOVRFL | woINPUT | WD INPUT | WD INPUT T1 INPUT | 11 INPUT THINPUT |, 
TAP SELt | SELECT2t | SELECTIt | SELECTot SELECT2 | SELECT1 SELECTO 
poaa | WOOVRFL | WDOVRFL | WO OVAFL | T1OVRFL | T1 OVRFL TH ae 
RSTENAt | INTENA | INTFLAG | INTENA | INTFLAG SW RESET 
Mode: Dual-Compare 
TIEDGE T1C2 T1C1 TIEDGE T102 TiC1 
P04B 1 INTFLAG | INTFLAG | INTFLAG See INT ENA INT ENA INTENA | ['CTLS 
TiC1 T102 TiC1 TICR TIEDGE TICR TIEDGE 
P04C | T1MODE=0 | outena | OUTENA | RSTENA | OUTENA | POLARITY | RSTENA DET ENA - | TOT 
Mode: Capture/Compare 
TIEDGE TiCi TIEDGE T1C1 
T1 TiC1 T1C1 TIEDGE TIEDGE 
PO4C | MoDE=1 | OUTENA eae RST ENA SS POLARITY a DETENA |. 4 
Modes: Dual-Compare and Capture/Compare 
TIEVT TIEVT TIEVT TIEVT 
pose | T1PWM TIPWM TIPWM TiPWM THIC/CR THIC/CR THICICR | THIC/CR DATA | _ 4 
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN. | DATAOUT | FUNCTION DIR 
SCi2 Module Control Memory Map 
EVEN/ODD | PARITY EN- ADDRESS/ 
pos0 | STOP BITS | “O20 ef ae: DLE Wup | SCICHAR2 | SCICHAR1 | SCICHARO | SCICCR 
Post SS. eo lg Poe TxwaKe | SLEEP | TXENA RXENA | SCICTL 
BAUDF BAUD 
P52 | een BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 =| Fan 
pos3 | BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 | BAUDO(LSB) | BAUDLSB 
SCI TX 
RX SCI RX 
PO56 
po57 | RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO._| RXBUF 
Pos 
Pos9 | TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO. ‘| TXBUF 
PO5A 
to Reserved 
PO5D 
pose | SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD | SCIRXD DATA | soi560 
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION DIR 
ae Lemony | mon | ese | ~ | ~ | ~- | —  |sorn 


t Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until a reset; this applies only to the standard 
watchdog and to simple counter. In the hard watchdog, these bits can be modified at any time; the WD INPUT SELECT2 
bits are ignored. 
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Table 38. Peripheral File Frame Compilation (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


ADC2 Module Control Registers 
CONVERT SAMPLE REF VOLT REF VOLT AD INPUT AD INPUT 
START START SELECT1 SELECTO SELECT1 SELECTO 
AD INT 


A-to-D Conversion Data Register 


REG 


PF 


P070 ADCTL 


PO71 ADSTAT 


ADDATA 


P072 


P073 
to 
PO07C 


PO7D 
PO7E 


Reserved 


Be Tees Eee eae ees Seas Port E Data Input Register 
SEs Sa ES ae ee Port E Input Enable Register 


AD 5 
_—_—i“ tk; Eee 


ADIN 
ADENA 


PO7F ADPRI 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


supply voitage- range, Voc (SO: NOG 2). csc cece ere ces eeccebanseuetecneneseey —0.6Vto7V 
Input vorlage fange;-All DINS GXCO@DL- MG. +s: eri ce ce ene can as pee W SHOU bs ba eden -0.6Vto7V 
[ES Sai Sars Pe re eee te Si -0.6V to 14V 

IMpUulCieMp current sete < OOF ANGE asst r ce b aise ove ber cist es Seis coal sates peeps +20 mA 
Output clamp current (Vj) < 0-08 Vi VOC) i nee ec eb oe edn vp se CeES LEMS +20 mA 
Continuous output current per buffer, Io (Vo = 0 to Vecy) (See Note 3) ........ cece cece ee +10 mA 
VIGNE Pe CRM ahr as a al eos ake BEE CA Ea Fa ode se AST in Gas 1 Pha keene 170 mA 
Pree eFUITT) elec SEMEN Soh sis 25 os PR Uo a Gn 5. oe ee FHLG GN Ey Eo An's Mad ES ee ge -170mA 
COPE AIE DOG FO oe et 55 gee we ee icy bs Pas ov S A vee we) caw k ee ews teen bo REE ee 500 mW 
Operating free-air temperature range, Ta. L version .............0 ccc ccc cece eee eeeeeees 0°C to 70°C 
ony citys it SE CES Coa Se eee ee ere ee — 40°C to 85°C 

WMO. oe eka og sc 2 aa sd 2 se — 40°C to 105°C 

DIGFAGS TOMPOLAUN FANG, Tetpy Shei f-i Pea vie GS sin teres ees we yetecese veer esd esa eb eeipe —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 2. Unless otherwise noted, all voltage values are with respect to Vss. 

3. Electrical characteristics are specified with all output buffers loaded with specified Io current. Exceeding the specified Io current in 
any buffer can affect the levels on other buffers. 


recommended operating conditions 


y Supply voltage (see Note 2) 
CC RAM data-retention supply voltage (see Note 4) 


All pins except MC 
VIL Low-level input voltage 
MC, normal operation 


All pins except MC, XTAL2/CLKIN, and 
RESET 


XTAL2/CLKIN 
RESET 
EPROM programming voltage (Vpp) 


VIH High-level input voltage 


V MC (mode control) voltage 
MC ( ) . Microcomputer 


L version 


TA Operating free-air temperature A version 


T version 


NOTES: 2. Unless otherwise noted, all voltage values are with respect to Vss. 
4. RESET must be activated externally when Voc or SYSCLK is out of the recommended operating range. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
VOL Low-level output voltage loL =1.4mA PR ns SEE 
VOH High-level output voltage Pea a ce V 
SPECT 
OVSVISO3V ee 
: eeeemencsr i 
MC 03V<Vjis13V 
12V<Vj<s13V 
See Note 5 
ie oy bose ves a 
Low-level output current VoL =0.4V = ees 


High-level output current fas ee 
See Notes 6 and 7 
SYSCLK = 5 MHz 
Supply current (operating mode) See Notes 6 and 7 
OSC POWER bit = 0 (see Note 8) SYSCLK = 3 MHz 
See Notes 6 and 7 5 11 
SYSCLK = 0.5 MHz 
See Notes 6 and 7 
SYSCLK = 5 MHz a 
Supply current (STANDBY mode) See Notes 6 and 7 65 11 
cc OSC POWER bit = 0 (see Note 9) SYSCLK = 3 MHz ; 
See Notes 6 and 7 
SYSCLK = 0.5 MHz 
Supply current (STANDBY mode) SYSCLK = 3 MHz 
OSC POWER bit = 1 (see Note 10) See Notes 6 and 7 
SYSCLK = 0.5 MHz 


NOTES: 5. Input current lpp is a maximum of 50 mA only when you are programming EPROM. 

6. Single chip mode, ports configured as inputs or outputs with no load. All inputs < 0.2 V or = Vcc — 0.2 V. 

7. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current 
can be higher with a crystal oscillator. At5 MHz SYSCLK, this extra current = 0.01 mA x (total load capacitance + crystal capacitance 
in pF). 

8. Maximum operating current = 5.6 (SYSCLK) + 8 mA. 

9. Maximum standby current = 3 (SYSCLK) + 2 mA. (OSC POWER bit = 0). 

10. Maximum standby current = 2.24 (SYSCLK) + 1.9 mA. (OSC POWER bit = 1, only valid up to 3 MHz (SYSCLK). 


Input current 


sal TEXAS 
INSTRUMENTS 


17-56 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS370CxCx 
8-BIT MICROCONTROLLER 


SPNS040A — NOVEMBER 1995 — REVISED MARCH 1996 


XTAL2/CLKIN XTAL2/CLKIN 


Crystal/Ceramic - C2 (see Note B) 
(see Note rt H's Resonator External 


(see Note A) Clock Signal 


NOTES: A. The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 
B. The values of C1 and C2 are typically 15 pF and the value of C3 is typically 50 pF. See the manufacturer’s recommendations for 
ceramic resonators. 


Figure 16. Recommended Crystal/Clock Connections 


Load Voltage 


1.2 kQ 


Vo 


20 pF 
aS 


Case 1: Vo = VOH = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.1 V 


NOTE A: All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN 
driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated. 


Figure 17. Typical Output Load Circuit (See Note A) 


Vcc Vcc 


Pin Data 6 kQ 
Output 
Enable | INT1 > > 
20 Q 
GND GND 


Figure 18. Typical Buffer Circuitry 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AR Array RXD  SCIRXD 
B Byte $C . SYSCLK 
Cl XTAL2/CLKIN TXD SCITXD 


Lowercase subscripts and their meanings are: 


Cc cycle time (period) Su setup time 

d delay time V valid time 

f fall time Ww pulse duration (width) 
r rise time 


The following additional letters are used with these meanings: 


H High 
E: Low 
V Valid 


All timings are measured between high and low measurement points as indicated in Figure 19 and Figure 20. 


Be Sali OE ea Soil sg spams 
Bee Hee _ _ 0.8 V (Low) ye Fs —_ __ 0.8 V (Low) 


Figure 19. XTAL2/CLKIN Measurement Points Figure 20. General Measurement Points 
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external clocking requirements for divide-by-4 clock (see Note 11 and Figure 21) 


fod’. os | ARAM sees 
[1 [iwcey Psa duration XTALBIGLKIN(ee Note —SSOSCS~S—CS~S~S «ds 
ie oy eee 
alice) 0 AieAOKN ee 
[4 Pracinsscuy Delaytime, XTALZICLKIN Tse tO SYSCLKal———SCSCSC~S~SCSCS~S~S~S~sSSSCSC*«O Ys 
oe 
Biel Pope 


CLKIN Crystal operating frequency 


SYSCLK Internal system clock operating frequencyt 


Tt SYSCLK = CLKIN/4 
NOTES: 11. For Viz and Vip, refer to recommended operating conditions. 
12. This pulse can be either a high pulse which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


4—1-+ 


+ 2 
l¢t—> 4 


SYSCLK / sip mie 7 gy oa aatoe og 


Figure 21. External Clock Timing for Divide-by-4 


external clocking requirements for divide-by-1 clock (PLL) (see Note 11 and Figure 22) 
PARAMETER 


+ SYSCLK = CLKIN/1 
NOTES: 11. For Vj, and Vjp, refer to recommended operating conditions. 
12. This pulse can be either a high pulse which extends from the earliest valid high to the final valid high in an XTAL2/CLKIN cycle, or 
a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle. 


abe 
rat Jp 
| | | 
i le 2 +s > eae 


SYSCLK ey Aen VORP Sue oe cae 


Figure 22. External Clock Timing for Divide-by-1 
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switching characteristics and timing requirements (see Note 13 and Figure 23) 


| Divide-by-4 | Divide-by-4 -4 200 2000 
Cycle time, SYSCLK (system clock) 
[Divide-by-1 | 200-500 


tw(SCL Pulse duration, SYSCLK low 0.5 te-20 0.5 te bene | 
tw(SCH Pulse duration, SYSCLK high O5t, O5t¢+20| ns | 


NOTE 13: te = system clock cycle time = 1/SYSCLK 


5 alee pecsnton ere as 
| | 6 ei 
| 


Figure 23. SYSCLK Timing 


general purpose output signal switching time requirements (see Figure 24) 


Fall time 


Figure 24. Signal Switching Time 


recommended EPROM operating conditions for programming 


Supply voltage 4.75 55 a es ie 
Supply voltage at MC pin tee: Io ie Ras 
Supply current at MC pin during programming (Vpp = 13 V) = 

~ 


| Divide-by-4 an -4 
SYSCLK System clock operating frequency Shits 
ivide- | Divide-by-1 | 


recommended EPROM timing requirements for programming 


tw(EPGM Pulse duration, programming signal (see Note 14) 0.40 0.50 3 


NOTE 14: Programming pulse is active when both EXE (EPCTL.O) and VPPS (EPCTL.6) are set. 
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ADC2 


The ADC2 share the Vcc power bus for its analog and digital circuitry. All ADC2 specifications are given with 
respect to Vss unless otherwise noted. 


BROMO 25 bc Hiei els iat te ca SoA Bas NE Dy Er kes Cea ee ei SONS 8 bits (256 values) 
Monon Sac ie Pacis i500 Sea SSG i Wa eee etinle toy (Oe als aL ee Sec ee Yes 
Output conversion Céde 7. 2 hacvads S805 1S ee ae 00h to FFh (00h for Vj < Vg; FFh for Vj = Vreg) 
Conversion time (exeiuding-sample-tima):+.93058 Seas baa Sa i iis 2 ee Gs 164t, 


recommended operating conditions 
UNIT 


Vcc Analog supply voltage 4.5 5 5.5 
Vret  Non-Vcc referenceT 2.5 Voc Vcc+0.1 
Analog input for conversion Vss Vref 


T Vre¢ must be stable, within + 1/2 LSB of the required resolution, during the entire conversion time. 


operating characteristics over full ranges of recommended operating conditions 


PARAMETER TEST CONDITIONS | MIN MAX] UNIT 
Absolute accuracy (see Note 15) Voc = 5.5 V, Vref = 5.1 V 
Differential/integral linearity error (see Notes 15 and 16) Voc = 5.5 V, Vref = 5.1 V 

mA 
Icc Analog supply current : | mA | 
I Input current, ANO-AN3 OVsV\<5.5V 
| SYSOLK <3 MHz 
Zref | Source impedance Vref 

3 MHz < SYSCLK < 5 MHz 


NOTES: 15. Absolute resolution = 20 mV. At Vref = 5 V, this is 1 LSB. As Vref decreases, LSB size decreases and thus absolute accuracy and 
differential / integral linearity errors in terms of LSBs increases. 
16. Excluding quantization error of 1/2 LSB. 
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ADC2 (continued) 


The ADC2 module allows complete freedom in design of the sources for the analog inputs. The period of the 
sample time is user-defined such that high-impedance sources can be accommodated without penalty to 
low-impedance sources. The sample period begins when the SAMPLE START bit of the ADC2 control register 
(ADCTL) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START) 
of the ADCTL is set to 1. After a hold time, the converter resets the SAMPLE START and CONVERT START 
bits, signaling that a conversion has started and the analog signal can be removed. 


analog timing requirements 


NOTE 17: The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum sampling time 
of 1 us. 


'¢————- Analog Stable ———— 


A | Ye + \/ x) ee 
wt KERRY ROLY 
| 

1 teus) ! 

Sample | | 
Start 

| k¢———>— trian) 

}¢——— tw(S) ACRE | 
Convert 
Start 


Figure 25. Analog Timing 


Table 39 is designed to aid the user in referencing a device part number to a mechanical drawing. The table 
shows a cross-reference of the device part number to the TMS370 generic package name and the associated 
mechanical drawing by drawing number and name. 


Table 39. TMS370CxCx Family Package Type and Mechanical Cross-Reference 


Biter ais TMS370 GENERIC NAME Hi Es Leeda spo DEVICE PART NUMBERS 


TMS370C3COAFNA 
FN — 28 pin PLASTIC LEADED CHIP CARRIER FN(S-PQCC-J**) PLASTIC J-LEADED TMS370C3COAFNL 
(50—mil pin spacing) | (PLCC) CHIP CARRIER TMS370C3COAFNT 
TMS370C6C2AFNT 


FZ — 28 pin CERAMIC LEADED CHIP CARRIER _ | FZ(S-CQCC-J**) J-LEADED CERAMIC 
(50-mil pin spacing) | (CLCC) CHIP CARRIER SES70C6C2AFZT 


JD — 28 pin CERAMIC SHRINK DUAL-IN-LINE JD(R-—CDIP-—T**) CERAMIC SIDE—BRAZE 
(70-mil pin spacing) | PACKAGE (CSDIP) DUAL-IN-LINE PACKAGE SE370C6C2AJDT 


TMS370C3COANA 

PLASTIC DUAL-IN-LINE PACKAGE _ | N(R—PDIP-T**) PLASTIC DUAL-IN-LINE | TMS370C3COANL 

(100—mil pin spacing) | (PDIP) PACKAGE TMS370C3COANT 
TMS370C6C2ANT 
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Mechanical Data 


introduction to mechanical drawings 


Table 1 is designed to aid the user when referencing a device family to the mechanical data section. The table 
shows a cross-reference of the device family to the TMS370 generic package names and the associated 
mechanical drawing(s) by drawing number and name. 


Table 1. TMS370 Family Package Type and Mechanical Cross-Reference 


PACAKGE TYPE PACAKGE TYPE NUMBER AND 
(mil pin spacing) bicap ela aeeeg MECHANICAL NAME FAMILY MEMBERST 


FN — 28 pin PLASTIC LEADED CHIP CARRIER | FN(S-PQCC-J**) PLASTIC J-LEADED Ure rat = 

(50-mil pin spacing) (PLCC) CHIP CARRIER TMS370CxCx 

TMS370Cx2x, 

TMS370Cx32, 

FN — 44 pin PLASTIC LEADED CHIP CARRIER | FN(S-PQCC-J**) PLASTIC J-LEADED _| TMS370Cx36, 

(50-mil pin spacing) (PLCC) CHIP CARRIER TMS370Cx4x, 
TMS370Cx8x, and 
TMS370Cx9x 


TMS370Cx5x, 
FN — 68 pin PLASTIC LEADED CHIP CARRIER = _| FN(S-PQCC-J**) PLASTIC J-LEADED TMS370Cx6x, 
(50-mil pin spacing) (PLCC) CHIP CARRIER TMS370Cx7x, and 
TMS370CxBx 


FZ — 28 pin CERAMIC LEADED CHIP CARRIER | FZ(S-CQCC-J**) J-LEADED CERAMIC SE370Cx0x, SE370Cx1x, 

(50-mil pin spacing) (CLCC) CHIP CARRIER and SE370CxCx 
SE370Cx2x, SE370Cx32, 

FZ — 44 pin CERAMIC LEADED CHIP CARRIER _ | FZ(S-CQCC-J**) J-LEADED CERAMIC SE370Cx36, SE370Cx4x, 


(50-mil pin spacing) CHIP CARRIER SE370Cx8x, and 
SE370Cx9x 


FZ — 68 pin CERAMIC LEADED CHIP CARRIER _ | FZ(S-CQCC-J**) J-LEADED CERAMIC SE370Cx5x, SE370Cx6x, 
(50-mil pin spacing) (CLCC) CHIP CARRIER and SE370Cx7x 

JD — 28 pin CERAMIC DUAL-IN-LINE PACKAGE | JD(R-CDIP-T**) CERAMIC SIDE-BRAZE | SE370Cx1x and 

(100-mil pin spacing) (CDIP) DUAL-IN-LINE Dee eae SE370CxCx 

JD — 40 pin CERAMIC DUAL-IN-LINE PACKAGE | JD(R-CDIP-T**) CERAMIC SIDE-BRAZE | SE370Cx2x and 

(100-mil pin spacing) (CDIP) DUAL-IN-LINE PACKAGE SE370Cx4x 

N — 28 pin PLASTIC DUAL-IN-LINE PACKAGE — | N(R-PDIP-T**) PLASTIC DUAL-IN-LINE TMS370Cx1x and 
(100-mil pin spacing) (PDIP) PACKAGE TMS370CxCx 


TMS370Cx2x, 
N — 40 pin PLASTIC DUAL-IN-LINE PACKAGE | N(R-PDIP-T**) PLASTIC DUAL-IN-LINE TMS370Cx4x, 
(100-mil pin spacing) (PDIP) PACKAGE TMS370Cx8x, and 
TMS370CxAx 


JC — 40 pin CERAMIC SHRINK DUAL-IN-LINE | JC(R-CDIP-T40) CERAMIC SIDE-BRAZE | SE370Cx2x, SE370Cx4x, 
(70-mil pin spacing) PACKAGE (CSDIP) DUAL-IN-LINE PACKAGE and SE370Cx9x 


NJ — 40 pin PLASTIC SHRINK DUAL-IN-LINE | Nu(R-PDIP-T**) PLASTIC SHRINK Mesgicatl area 


Tes : TMS370Cx4x, and 
(70-mil pin spacing)+ PACKAGE (PSDIP) DUAL-IN-LINE PACKAGE TMS370Cx9x 


JN - 64 pin CERAMIC SHRINK DUAL-IN-LINE | JN(R-CDIP-T64) CERAMIC SE370Cx5x and 
(70-mil pin spacing) PACKAGE (CSDIP) DUAL-IN-LINE PACKAGE SE370Cx7x 


NM — 64 pin PLASTIC SHRINK DUAL-IN-LINE | NM(R-PDIP-T64) PLASTIC SHRINK Uapgichongings 


bee : TMS370Cx7x, and 
(70-mil pin spacing) PACKAGE (PSDIP) DUAL-IN-LINE PACKAGE TMS370CxBx 


Tt TMS370Cxxx refers to ROM and OTP devices; SE370Cxxx refers to UV-EPROM devices 
+ NJ formerly known as N2; the mechanical drawing of the NJ is identical to the N2 package and did not need to be requalified. 
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Mechanical Data 


FN 28-, 44-, and 68-pin plastic leaded chip carrier (PLCC) 


FN (S-PQCC-J**) PLASTIC J-LEADED CHIP CARRIER 
20 PIN SHOWN 


Seating Plane 
| | 0.004 (0,10) 


0.180 (4,57) MAX 
0.120 (3,05) 
0.090 (2,29) 

0.020 (0,51) MIN 


0.032 (0,81) 
0.026 (0,66) 


0.021 (0,53) 
0.013 (0,33) 


ee eg 0.485 (12,32) | 0.495 (12,57) | 0.450 (11,43) | 0.456 (11,58) | 0.191 (4,85) 0.219 (5,56) 
a age 0.685 (17,40) | 0.695 (17,65) | 0.650 (16,51) Meat i 0.291 (7,39) 0.319 (8,10) 


ea age oh 0.985 (25,02) | 0.995 (25,27) | 0.950 (24,13) | 0.958 (24,33) | 0.441 (11,20) | 0.469 (11,91) 


4040005/B 10/94 


NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-018 
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Mechanical Data 


FZ 28-, 44-, and 68-pin ceramic leaded chip carrier (CLCC) 


FZ (S-CQCC-J**) J-LEADED CERAMIC CHIP CARRIER 
28 LEAD SHOWN 


0.040 (1,02) x 45° Seating Plane 
0.180 (4,57) 
0.155 (3,94) 
0.140 (3,55) 
0.120 (3,05) 


0.050 (1,27) 


Cc 
0.032 (0,81) (at Seating 


0.026 (0,66) Plane) 
0.020 (0,51) 


| 0.014 (0,36) 
a 


0.025 (0,64) R TYP 0.040 (1,02) MIN 


0.120 (3,05) 
0.090 (2,29) 


JEDEC Boy Ree pte ah an eae 
OUTLINE ee ae ee ee 
0.485 | 0495 | 0430 | 0.455 | 0.410 | 0.430 
MO-087AA (12,32) | (12,57) | (10,92) | (11,56) | (10,41) | (10,92) 
0.685 | 0.695 | 0.630 | 0.655 | 0.610 | 0.630 
MO-087AB 44 (17,40) | (17,65) | (16,00) | (16,64) | (15,49) | (16,00) 


0.910 
(23,11) 


4040219/B 10/94 


NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a ceramic lid using glass frit. 
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Mechanical Data 


JD 28- and 40-pin ceramic dual-in-line package (CDIP) 


JD (R-CDIP-T**) CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGE 
24 PIN SHOWN 


1.450 | 2.050 


13 
= (36,83) | (52,07) 


0.590 (15,00) 
TYP 


- sad 0.065 (1,65) 
0.045 (1,14) 


0.175 (4,45) 0.620 (15,75) 
0.140 (3,56) 0.590 (14,99) 


Seating Plane 
0.020 (0,51) MIN 


ae he 0.125 (3,18) MIN 0°-15°_,) 


0.075 (1,91) MAX 
4 Places 


0.021 (0,53) 0.012 (0,30) 
0.015 (0,38) 0.008 (0,20) 
4040087/B 10/94 


NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 
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Mechanical Data 


N 28- and 40-pin plastic dual-in-line package (PDIP) 


N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE 
24 PIN SHOWN 


0.560 (14,22) 


0.520 (13,21) 


zie 
0.060 (1,52) TYP 


0.200 (5,08) MAX 0.610 (15,49) 


0.020 (0,51) MIN 0.590 (14,99) 


Seating Plane 


0.021 (0,53) 
0.015 (0,38) 0.010 (0,25) NOM 


4040053/B 10/94 


NOTES: A. All linear dimensions are in inches (millimeters). 
This drawing is subject to change without notice. 
Falls within JEDEC MS-011 

Falls within JEDEC MS-015 (32 pin only) 


908 
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Mechanical Data 


~ 


JC 40-pin ceramic shrink dual-in-line package (CSDIP) 
JC (R-CDIP-T40) CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGE 


1.414 (35,92) 


1.386 (35,20) 
40 = 


0.600 (15,24) 
0.580 (14,73) 


20 
0.032 (0,81) TYP 


0.093 (2,38) 0.060 (1,52) 0.610 (15,49) 


t 0.077 (1,96) 0.040 (1,02) 0.590 (14,99) 
| 1 1 ) Seating Plane 

ale 0.020 (0,51) 0.175 (4,46) TYP ae 0.012 (0,31) 

0.016 (0,41) 0.009 (0,23) 


0.070 (1,78) 


1.335 (33,91) 
1.325 (33,66) 


4040223-2/B 10/94 


NOTES: A. All linear dimensions are in inches (millimeters). 

. This drawing is subject to change without notice. 
. This package can be hermetically sealed with a metal lid. 
. The terminals are gold plated. 
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Mechanical Data 


NJ 40-pin plastic shrink dual-in-line package (PSDIP) 


NJ (R-PDIP-T**) PLASTIC SHRINK DUAL-IN-LINE PACKAGE 
40 PIN SHOWN 


0.560 (14,22) MAX 


1 
a m 0.048 (1,216) 


0.032 (0,816) 
0.200 (5,08) MAX 


0.020 (0,51) MIN 0.600 (15,24) 


Seating Plane 


e oe tiad Li 


0.022 (0,56) 
0.014 (0,36) 0.010 (0,25) NOM 


4040034/B 10/94 


NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
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Mechanical Data 


JN 64-pin ceramic shrink dual-in-line package (CSDIP) 
JN (R-CDIP-T64) CERAMIC DUAL-IN-LINE PACKAGE 


2.424 (61,57) 
2.376 (60,35) 


0.750 (19,05) 
0.730 (18,54) 


0.094 (2,39) 

0.078 (1,98) 
0.060 (1,52) pd Ll 
0.040 (1,02) 0.740 (18,80) 


Seating Plane 
0.088 (2,24) 
0.072 (1,83) 
alae. 0.020 (0,51) 0.175 (4,45) TYP 
0.016 (0,41) 0.012 (0,31) 


0.009 (0,23) 
0.070 (1,78) 


See Note C 


2.178 (55,32) 
2.162 (54,91) 


4040224/A 09/95 


NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Each pin centerline located within 0.010 (0,26) of it true longitudinal position. 


b, 
INSTRUMENTS 


18-10 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


Mechanical Data 


NM 64-pin plastic shrink dual-in-line package (PSDIP) 
NM (R-PDIP-T64) PLASTIC SHRINK DUAL-IN-LINE PACKAGE 


2.280 (57,91) MAX 
64 33 


0.680 (17,27) 
0.670 (17,02) 


1 32 
A = 0.048 (1,216) 


0.032 (0,816) 


0.222 (5,64) MAX 
0.760 (19,30 
0.020 (0,51) MIN S780) 
0.740 (18,80) 
ee ee 


# 0.125 (3,18) MIN eae 
soe [B[0.010 0,25) @| 
3014 (0.36) 0.010 (0,25) (M) 0.010 (0,25) NOM 


4040056/B 10/94 


NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
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Quality and Reliability 


introduction to quality and reliability 


The quality and reliability of Texas Instruments (TI) microprocessor and microcontroller products, which include 
the TMS370 8-bit microcontrollers and the TMS320 digital signal processors, rely on the following: 


@ Feedback from customers 
@ Total manufacturing operation from front-end wafer fabrication to final shipping inspection 
@ Monitoring of product quality and reliability 


The customer’s perception of quality is the governing criterion for judging performance. This conceptis the basis 
for Tl Corporate Quality Policy, which is as follows: 


“For every product or service we offer, we shall define the requirements that solve the customer’s problems, 
and we shall conform to those requirements without exception.” 


Texas Instruments has developed a leadership reliability qualification system, based on years of experience 
with leading-edge memory technology and years of research into customer requirements. To achieve constant 
improvement, programs that support that system respond to customer input and internal information. 


This chapter discusses the following major topic: reliability stress tests. 
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Quality and Reliability 


reliability stress tests 


Accelerated stress tests are performed on new semiconductor products and process changes to qualify them 
and to ensure excellence in product reliability. The following test environments are typical: 


High-temperature operating life 

Storage life 

Temperature cycling 

Biased humidity 

Autoclave 

Electrostatic discharge 

Package integrity 

Electromigration 

Channel-hot electrons (performed on geometries of less than 2.0 um) 


Typical events or changes that require internal requalification of a product include the following: 


New die design, shrink, or layout 

Wafer process (baseline/control systems, flow, mask, chemicals, gases, dopants, passivation, or metal 
systems) 

Packaging assembly (baseline control systems or critical assembly equipment) 

Piece parts (such as lead frame, mold compound, mount material, bond wire, or lead finish) 
Manufacturing site 


TI reliability control systems extend beyond qualification. Total reliability controls and management include 
product reliability monitoring as well as final product release controls. Metal oxide semiconductor (MOS) 
memories, utilizing high-density active elements, serve as the leading indicator in wafer-process integrity at T| 
MOS fabrication sites, enhancing all MOS-logic device yields and reliability. Monthly, Tl places several thousand 
MOS devices on reliability tests to ensure and sustain built-in product excellence. 


Table 1 lists the microprocessor and microcontroller reliability tests, the duration of the tests, and the size of the 
samples. Table 2 contains definitions and descriptions of the terms used in these tests. 
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Quality and Reliability 


Table 1. Microprocessor and Microcontroller Tests 


SAMPLE SIZE 
TEST DURATION | pLASTIC CERAMIC 


[Autocave, 121°C, 1AM _——S*i Ces d|A 


Mechanical sequence 


aah ee 


Solder heat 
Resistance to solvents 


Lead integrity 
Lead pull 


Thermal impedance 


T If junction temperature does not exceed plasticity of package 
+ For severe environments; reduced cycles for office environments 
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Quality and Reliability 


Table 2. Definitions of Microprocessor Testing Terms 


TERM DEFINITION/DESCRIPTION | -—s REFERENCES) 


: ' Amount of defective product in a population, usually expressed 
Average Ouigoing Quality (AOQ) in terms of parts per million (PPM) 


Estimated field failure rate in number of failures per billion 
power-on device hours; 1000 FITS equal 0.1% failures per 
1000 device hours. 


Failure in Time (FIT) 


Device dynamically exercised at a high ambient temperature 
(usually 125°C) to simulate field usage that would expose the 
device to a much lower ambient temperature (such as 55°C). 
Using a derived high temperature, a 55°C ambient failure rate 
can be calculated. 


Device exposed to 150°C unbiased condition. Bond integrity is 
stressed in this environment. 


Moisture and bias used to accelerate corrosion-type failures in 
plastic packages. Conditions include 85°C ambient 
temperature with 85% relative humidity (RH). Typical bias 
voltage is 5 V and is grounded on 

alternating pins. 


Operating Life 


Storage Life 


Biased Humidity 


Plastic-packaged devices exposed to moisture at 121°C using 
a pressure of one atmosphere above normal pressure. The 
pressure forces moisture permeation of the package and 
accelerates corrosion mechanisms (if present) on the device. 
External package contaminants can also be activated and 
caused to generate inter-pin current leakage paths. 


Autoclave (Pressure Cooker) 


Device exposed to severe temperature extremes in an 
alternating fashion (-65°C for 15 minutes and 150°C for 15 
minutes per cycle) for at least 1000 cycles. Package strength, 
bond quality, and consistency of assembly process are tested 
in this environment. 


Temperature Cycle 


Device exposed to electrostatic discharge pulses. 
Calibration is according to MIL STD 883C, method 3015.6. 
Devices are stressed to determine failure threshold of the 
design. 


Electrostatic Discharge (ESD) 
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Table 2. Definitions of Microprocessor Testing Terms (Continued) 


TERM DEFINITION/DESCRIPTION | ss REFERENCES) —si 


Test similar to the temperature cycle test, but involving a 
Thermal Shock liquid-to-liquid transfer. MIL-STD-883C, Method 1011 


Particle Impact Noise Detection A nondestructive test to detect loose particles inside a device 
(PIND) Cavity. 


Mechanical Sequence 


Thermal Sequence 


Thermal/Mechanical Sequence 


Fine and gross leak 
Mechanical shock 


PIND (optional) 
Vibration, variable frequency 


Constant acceleration 
Fine and gross leak 
Electrical test 


Fine and gross leak 
Solder heat (optional) 
Temperature cycle 
(10 cycles minimum) 
Thermal shock 

(10 cycles minimum) 
Moisture resistance 
Fine and gross leak 
Electrical test 


Fine and gross leak 
Temperature cycle 
(10 cycles minimum) 
Constant acceleration 


Fine and gross leak 
Electrical test 
Electrostatic discharge 
Solderability 

Solder heat 


Salt atmosphere 
Lead pull 


Lead integrity 


Electromigration 


Resistance to solvents 


MIL-STD-883C, Method 1014 
MIL-STD-883C, Method 2002, 
1500 g, 0.5 ms, Condition B 


MIL-STD-883C, Method 2020 
MIL-STD-883C, Method 2007, 
20g, Condition A 


MIL-STD-883C, Method 2001 
MIL-STD-883C, Method 1014 
To data sheet limits 


MIL-STD-883C, Method 1014 
MIL-STD-750C, Method 1014 
MIL-STD-883C, Method 1010, 
—65 to + 150°C, Condition C 
MIL-STD-883C, Method 1011, 
—55 to +125°C, Condition B 
MIL-STD-883C, Method 1004 
MIL-STD-883C, Method 1014 
To data sheet limits 


MIL-STD-883C, Method 1014 
MIL-STD-883C, Method 1010, 
-—65 to +150°C, Condition C 
MIL-STD-883C, Method 2001, 
30 kg, Y1 Plane 


MIL-STD-883C, Method 1014 

To data sheet limits 
MIL-STD-883C, Method 3015 
MIL-STD-883C, Method 2033 
MIL-STD-750C, Method 2031, 10 
sec 


MIL-STD-883C, Method 1009, 
Condition A, 24 hrs min 
MIL-STD-883C, Method 2004, 
Condition A 

MIL-STD-883C, Method 2004, 
Condition B1 

Accelerated stress testing of con- 
ductor patterns to ensure accept- 
able lifetime of power-on operation 
MIL-STD-883C, Method 2015 


Texas Instruments reserves the right to make changes in semiconductor test limits, procedures, or processes 
without notice. Unless prior arrangements for notification have been make, Tl advises all customers to verify 


current test and manufacturing conditions prior to relying on published data. 
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scope 


This guideline establishes the requirements for methods and materials used to protect electronic parts, devices, 
and assemblies (items) that are susceptible to damage or degradation from electrostatic discharge (ESD). The 
electrostatic charges referred to in this specification are generated and stored on surfaces of ordinary plastics, 
most common textile garments, ungrounded person’s bodies, and many other commonly unnoticed static 
generators. The passage of these charges through an electrostatic-sensitive part can result in catastrophic 
failure or performance degradation of the part. 


The part types for which these requirements are applicable include, but are not limited to the following: 


All metal-oxide semiconductor (MOS) devices; e.g., CMOS, PMOS, etc. 
Junction field-effect transistors (JFET) 
Bipolar digital and linear circuits 


Op-amps, monolithic microcircuits with MOS compensating networks, on-board MOS capacitors, or other 
MOS elements 


Hybrid microcircuits and assemblies containing any of the types of devices listed 
Printed circuit boards and other types of assembly containing static-sensitive devices 
Thin-film passive devices 


definitions 


Electrostatic discharge (ESD): A transfer of electrostatic charges between bodies at different electrostatic 
potentials caused by direct contact or electrostatic field induction. 


Conductive material: Material having a surface resistivity of 105 Q/square maximum. 
Static dissipative material: Material having a surface resistivity between 10° and 109 Q/square. 
Antistatic material: Material having a surface resistivity between 109 and 1014 Q/square. 


Surface resistivity: An inverse measure of the conductivity of a material and is the resistance of unit length 
and unit width of a surface. Note: Surface resistivity of a material is numerically equal to the surface 
resistance between two electrodes forming opposite sides of a square. The size of the square is immaterial. 
Surface resistivity applies to both surface- and volume-conductive materials and has the dimension of 
Q/square. 


Volume resistivity: Also referred to as bulk resistivity, it is normally determined by measuring the resistance 
(R) of a square of material (surface resistivity) and multiplying this value by the thickness (T). 


lonizer: A blower that generates positive and negative ions, either by electrostatic means or from a 
radioactive energy source in an airstream and distributes a layer of low-velocity ionized air over a work area 
to neutralize static charges. 


Close proximity: For the purpose of this guideline, six inches or less. 


device sensitivity per test circuit of Method 3015, MIL-STD-883C 


Devices are categorized according to their susceptibility to damage resulting from electrostatic discharges 
(ESD). 


Category ESD Sensitivity 
Class 1 0 V-—1999 V 
Class 2 2000 V — 3999 V 
Class 3 4000 V and above 


At Tl, devices are to be protected from ESD damage from receipt at incoming inspection through assembly, 
test, and shipment of completed equipment. | 
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applicable reference documents 


The following reference documents (of latest issue) can provide additional information on ESD controls. 
MIL-M-38510 Microcircuits, General Specification 

MIL-STD-883 Test Methods and Procedures for Microelectronics 

MIL-STD-19491 Semiconductor Devices, Packaging of 

MIL-M-55565 Microcircuits, Packaging of 

DOD-HDBK-263 Electrostatic Discharge Control Handbook for Protection 

DOD-STD-1686 Electrostatic Discharge Control Program 

NAVSEA SE 003-11-TRN-010 Electrostatic Discharge Training Manual 

JEDEC Standard Publication 108 


facilities for static-free workstation 


The minimum acceptable static-free workstation consists of a work surface covered with static dissipative 
material attached to ground through a 1 MQ + 10% resistor, an attached grounding wrist strap with integral 
1 MQ + 10% resistor for each operator, and air ionizer(s) of sufficient capacity for each operator. The wrist strap 
must be connected to the static dissipative material. Ground must utilize the standard building earth ground; 
refer to Figure 1. Conductive floor tile/carpet along with conductive shoes can be used in lieu of the conductive 
wrist straps for non-seated personnel. The Site Safety Engineer must review and approve all electrical 
connections at the static-free workstation prior to its implementation. 


Air ionizers must be positioned so that the devices at the static-free workstations are within a 4-foot arc 
measured by a vertical line from the face of the ionizer and 45 degrees on each side of this line. 


General grounding requirements are to be in accordance with Table 1. 


Personal 
ESD Protective 
Ground Trays, etc. 


Strap 
Static 


Dissipative 
Table 
Top 
Other 
Electronic 
Equipment 
Chair BAST OS A Reet ae: Bees: 
with Ground LLL LL Lit ian ho hihi Lehn hora 


(optional) 
ESD Protective 
Floor Mat 
(optional) Work Bench 
= ae Ah; the Bh dhe the Re the A& Ah "$9 4& 4% pile rit aisha to Jo steas fom tie z. (& ah WE * : $$? C ak $63 SF $¢ : 


# . Mite 
hag ev ty & 
ais 
vy > PSPS" SPS 


e846 


_ All electrical equipment sitting on the conductive table top must be hard grounded but must be isolated from the static 
dissipative work surface. 


‘ NOTE A: Earth ground is not computer ground or RF ground or any other limited-type ground. 


sheet A Figure 1. Static-Free Workstation 
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facilities for static-free workstation (continued) 


Table 1. General Grounding Requirements 


TREATED WITH ANTESTATIC | GROUNDED TO STATIC DISSIPATIVE 
SOLUTION OR MADE OF COMMON POINT MATERIAL 
CONDUCTIVE MATERIAL 


X 


X 
X 


Personnel 


tT Using a wrist strap with 1 MQ + 10% resistor 


usage of antistatic solution in areas to control the generation of static charges 


The use of antistatic chemicals (antistats) may be a supplemental part of an overall organized ESD program. 
Any antistatic chemical application must be considered as a means to reduce or eliminate static charge 
generation on nonconductive materials in the manufacturing or storage areas. 


The application of any antistatic chemical in a clean room of class 10,000 or less cannot be permitted. 
Accordingly, any user of antistatic solutions must consider the following precautions: 


@ Antistatic spray or solutions in any form cannot be applied to energized electrical parts, assemblies, panels, 
or equipment. 


@ Antistatic chemical applications cannot be performed in any area when bare chips, raw parts, packages, 
and/or personnel are exposed to spray mists and evaporation vapors. 


The need for initial application and frequency of reapplication can be established only through routing 
electrostatic voltage measurements using an electrostatic voltmeter. The following durability schedule is a 
reasonable expectation. 


@ Soft surfaces (carpet, fabric seats, foam padding, etc.): each six months or after cleaning, by spraying. 


@ Hard abused surfaces (floor, table tops, tools, etc.): each week (or day for heavy use) and after cleaning, 
by wiping or mopping. 

@ Hard unabused surfaces (cabinets, walls, fixtures, etc.): each six months or annually and after cleaning, 
by wiping or spraying. 

® Company-furnished and maintained clothing and smocks: after each cleaning, by spraying or adding 
antistatic concentrate to final rinse water when cleaned. 


The use of antistatic chemicals, their application, and compliance with all appropriate specifications, 
precautions, and requirements must be the responsibility of the area supervisor where antistatic chemicals are 
used. 


v3 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77251-1443 20-5 


Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 
Devices and Assemblies 


ESD labels and signs in work areas 


ESD caution signs at workstations and labels on static-sensitive parts and containers must be consistent in 
color, symbols class, voltage-sensitivity identification, and appropriate instructions. Signs must be posted at all 
workstations performing operations with static-sensitive items. These signs must contain the following 
information or its equivalent. 


CAUTION 
STATIC CAN DAMAGE COMPONENTS 
Do not handle ESD-sensitive items unless grounding wrist strap 


is properly worn and grounded. Do not let clothing or plain plastic 
materials contact or come in close proximity to ESD-sensitive 
items. 


Labels must be affixed to all containers containing static-sensitive items at a place readily visible and proper 
for the intended purpose. Additionally, labels must be consistently placed on containers and packages at a 
standard location to eliminate mishandling. Use only QC-accepted and approved signs and labels to identify 
static-sensitive products and work areas. The use of ESD signs and labels and their information content must 
be the responsibility of the area supervisor to ensure consistency and compatibility throughout the 
static-sensitive routing. 


relative humidity control 


Since relative humidity has a significant impact on the generation of static electricity, wnen possible, the work 
area must be maintained within the 40%—60% relative humidity range. 


preparation for working at static-free workstation 


A workstation with a static dissipative work surface connected to ground through a 1 MQ + 10% resistor, a 
grounding wrist strap with the ground wire connected to the conductive work surface, and an ionizer constitute 
a static-free workstation (Figure 1). An operator is grounded properly when the wrist strap is in snug (no slack) 
contact with the bare skin, usually positioned on the left wrist for a right-handed operator. The wrist strap must 
be worn the entire time an operator is at a static-free workstation. The operator must touch the grounded bench 
top first before handling static-sensitive items. This precaution must be observed in addition to wearing the 
grounding wrist strap. If possible, the operator must avoid touching leads or contacts even though he or she 
is grounded. 


CAUTION 
Personnel must never be attached to a static-free workstation 


without a properly worn and grounded wrist strap (the presence 
of the 1 MQ + 10% series resistor in the ground wire). 


An operator’s clothing must never make contact or come in close proximity with static-sensitive items. Operators 
must be especially careful to prevent any static-sensitive items (being handled) from touching their clothing. 
Long sleeves must be rolled up or covered with antistatic sleeve protector banded to the bare wrist, which must 
“cage” the sleeve at least as far up as the elbow. Only antistatic finger cots can be used when handling 
static-sensitive items. 
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preparation for working at static-free workstation (continued) 


Any improperly prepared person, while at or near the work station, must not touch or come in close proximity 
with any static-sensitive item. It is the responsibility of the operator and the area supervisor to ensure that the 
static-free work area is clear of unnecessary static hazards, including such personal items as plastic-coated 
cups or wrappers, plastic cosmetic bottles or boxes, combs, tissue boxes, cigarette packages, and vinyl or 
plastic purses. All work-related items, including information sheets, fluid containers, tools, and part carriers must 
be approved for use at the static-free workstation. 


general handling procedures and requirements (for ESDS devices and assemblies) 


@ All static-sensitive items must be received in an antistatic/conductive container and must not be removed 
from the container except at the static-free workstation. All protective folders or envelopes holding 
documentation (lot travelers, etc.) must be made of nonstatic-generating material. 


@ Each packing (outermost) container and package (internal or intermediate) must have a bright yellow 
warning label attached, stating the following information or equivalent: 


oye CAUTION A 


SENSITIVE 


DEVICES 4 
DO jad eet ane HANDLE Y¥- 
A 
STATIC- oaae eras. 


The warning label must be legible and easily readable to normal vision at a distance of three feet. 


@ Static-sensitive items are to remain in their protective containers except when actually in use at the 
Sstatic-free station. 


@ Before removing an item from its protective container, the operator must place the container on the 
conductive grounded bench top, make sure the wrist strap fits snugly around the wrist and is properly 
plugged into the ground receptacle, and then touch their hands to the conductive bench top. 


@ All operations on the items must be performed with the items in contact with the grounded bench top as 
much as possible. Conductive magazine are not allowed to touch the hard-grounded test gear on bench 
top. 


Ordinary plastic solder-suckers and other plastic assembly aids must not be used. 


In cases where it is impossible or impractical to ground the operator with a wrist strap, a conductive shoe 
strap can be used along with conductive tile/mats. 


@ When the operator moves from any other place to the static-free workstation, the start-up procedure must 
be the same as in Preparation for Working at Static-Free Workstation. 


@ The ionizer must be in operation prior to presenting any static-sensitive items to the static-free workstation, 
and must be in operation during the entire time period when the items are at the workstation. 


@ “Plastic snow” polystyrene foam, “peanuts,” or other high-dielectric materials must never come in contact 
with, or be used around, electrostatic-sensitive items, unless they have been treated with an antistat (as 
evidenced by pink color and generation of less than + 100 volts). 


@ Static-sensitive items must not be transported or stored in trays, tote boxes, vials, or similar containers 
made of untreated plastic material unless items are protectively packaged in conductive material. 
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packaging requirements 


Packaging of static-sensitive items is to be in accordance with its category (see Device Sensitivity). The use 
of tape and plain plastic bags is prohibited. All outer and inner containers are to be marked as outlined in General 
Handling Procedures and Requirements. Conductive magazines/boxes can be used in lieu of conductive bags. 


specific handling procedures for static-sensitive items 


stockroom operations 


Containers of static-sensitive items are not to be accepted into stock unless adequately identified as 
containing static-sensitive items. 


Items may be removed from the protective container (magazine/bag, etc.) for the purpose of subdividing 
for order issue only by a properly grounded operator at an approved static-free workstation as defined in 
the Facilities for and Preparation for Working at Static-Free Workstation. 


All subdivided lots must be repackaged carefully in protective containers (magazine/bag, etc.) prior to 
removal from the static-free workstation and labeled to indicate that the package(s) contain static-sensitive 
items. If it is suspected that a static-sensitive item is not protected adequately, the item must not be 
transferred to another container; it must be returned to the originator for disposition unless the originator 
is a customer. In that case, the QC engineer must contact the customer and negotiate an appropriate 
disposition. 


It is the responsibility of the stockroom supervisor to ensure that all personnel assigned to this operation 
are familiar with the handling procedures as outlined in this specification. A copy of this specification is to 
be posted in the vicinity of the static-free workstation(s) so that it is accessible to the operators. Stock 
handlers and all others who might have occasion to move stock are to be instructed to avoid direct contact 
with unprotected static-sensitive items. 


module and subassembly operations 


Static-sensitive items are not to be received from a stockroom, kitting, or machine insertion area unless 
received in approved static-protective packaging and properly labeled to indicate that the contents are 
static-sensitive. 


All single station, progressive-line manual-assembly operators, and visual inspectors prior to wave 
soldering operations are to be grounded properly with a grounding wrist strap when handling static-sensitive 
items. 


Progressive lines used as single stations where operators work on a mix of boards, both static-sensitive 
and nonstatic-sensitive, require that all operators working on the line be properly grounded. This is 
necessary to accommodate the sliding of static-sensitive boards along the assembly bench or across 
positions not engaged in the assembly of this type board. 


It is the responsibility of the area supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or degradation of these units in the event of 
noncompliance. A periodic inspection must be made using an electrostatic voltmeter to ensure that the 
static-free workstations are in the proper working order and to ensure that operators are wearing grounding 
wrist straps properly (Snugly and in contact with bare skin). 
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specific handling procedures for static-sensitive items (continued) 


soldering and lead-forming operations 


All soldering machines, conveyors, cleaning machines, and equipment must be grounded electrically to 
ensure that they are at the same ground potential as the grounded operators working on their stations. No 
machine surfaces exposed to static-sensitive items are to be above ground potential. 


All processing equipment must be grounded, including all loading and unloading stations, that is, the 
stations before and after each piece of processing equipment. 


All nonmetallic, static-generating components in the handling systems must be treated to ensure protection 
from static. 


All workstations must be identified by posting signs as outlined in ESD Labels and Signs in Work Areas. 


Operators are to be properly grounded with a grounding wrist strap during handling, loading, unloading, 
inspection, rework, or proximity to static-sensitive items. 


Unloading-operators working at a grounded station must place static-sensitive items into approved 
static-protective bags or containers. 


All manual soldering, repair, and touch-up workstations on the solder line are to be static protected. 
Operators are to wear grounding wrist straps when working on static-senstive items. Only grounded-tip 
soldering/desoldering irons are allowed when working on static-sensitive items. 


It is the responsibility of the area supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or degradation of these units in the event of 
noncompliance. A periodic inspection must be made using an electrostatic voltmeter to ensure that the 
static-free workstations are in proper working order and to ensure that the operators are wearing grounding 
wrist straps properly (snugly and in contact with bare skin). 


electrical testing operations 


All electrical test stations must be static-protected. Operators must be grounded properly when working on 
these items. 


Reused antistatic magazines must be monitored for maintenance of antistatic characteristics. 
Devices must be in an antistatic/conductive environment except at the moment when actually under test. 


Devices must not be inserted into or removed from circuits or tester with the power on or with signals applied 
to inputs to prevent transient voltages from causing permanent damage. 


All unused input leads must be biased if possible. 


Device or module repairs must be performed at static-free workstations with the operator attached to a 
grounding wrist strap. Grounded-tip soldering irons must be used when working on static-sensitive items. 


Static-sensitive items must be handled through all electrical inspections in static protective containers. 
Removal of the items from the protective containers must be done at a static-free workstation as discussed 
in Preparation for Working at a Static-Free Workstation. The units must be returned to the containers before 
leaving the station. 
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specific handling procedures for static-sensitive items (continued) 


@ All such items must be shipped with an ESD warning label affixed as shown under the General Handling 
Procedures and Requirements (for ESD sensitive devices and assemblies). 


@ itis the responsibility of the area supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection must be made using an electrostatic voltmeter to ensure that the 
static-free workstations are in proper working order and to ensure that operators are wearing grounding 
straps properly (snugly and in contact with bare skin). 


packing operations 


® Static-sensitive items are not to be accepted into the packing area unless they are contained in a 
static-protected bag or conductive container. | 


@ Astatic-sensitive item delivered to the packer within an approved container or bag and found to be in order 
regarding identification must be packed in the standard shipping carton or other regular packaging material. 
Containers are to be labeled in accordance with General Handling Procedures and Requirements. 


@ Any void-fillers must be made of an approved antistatic material. 
burn-in operations 
@ Burn-in board loading and unloading of static-sensitive items must be done at a static-free workstation. 


@ Shorting clips/shorted connectors must be installed on the board plug-in tab prior to loading any units into 
the board sockets. The clip/connectors must be taken off just prior to plugging the board into the oven 
connector. The clip/connector must be installed immediately upon removal of the board from the oven 
connector. Installation and removal of the clip/connector must be done by a properly grounded operator. 


All automatic or semi-automatic loading and unloading equipment must be properly electrically grounded. 


It is the responsibility of the area supervisor to ensure that all personnel handling static-senstive items are 
familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection must be made using an electrostatic voltmeter to ensure that the 
static-free workstations are in proper working order and to ensure that operators are wearing grounding 
straps properly (snugly and in contact with bare skin). 


customer-returned-item handling procedure 


Receipt of ESD sensitive-labeled items is to be done at a static-free workstation and handled in accordance with 
applicable sections within this guideline. 


quality control provision 
sampling 


Each manufacturing, stockroom, and testing operation handling ESD sensitive devices is audited a minimum 
of once each quarter for compliance with all terms of this specification by the responsible process control or QRA 
organization. Ground continuity and the presence of uncontrolled static voltages are considered critical and 
must be checked more frequently as specified below. 


ground continuity (minimum of once a week) 


Ground connections (grounding wrist strap, ground wires on cords, etc.) must be checked for electrical 
continuity. The presence of a 1 MQ + 10% resistor in the ground connections between both the operator wrist 
straps to the work surface and the work surface to ground connector must be verified. 
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grounded conditions (minimum of once a week) 


A visual inspection must be made to determine full compliance with this specification at static-free workstations 
during handling of static-sensitive items, including operator being grounded as required, static-sensitive items 
not being handled in unprotected or unauthorized areas, and no static-generating materials at the grounded 
workstation. 


sleeve protectors (minimum of once a week) 


A visual check must be made to determine that each operator wearing loose-fitting or long-sleeved clothing 
either has sleeves properly rolled or covered with sleeve protectors and is properly grounded with a wrist strap 
to the bare skin. 


static voltage levels (minimum of once a week) 


In addition to the visual inspections, a sample inspection using an electrostatic voltmeter to check for 
uncontrolled electrostatic voltages at or near electrostatic-controlled workstations. 


conductive floor tiles (minimum of once a month) 


Conductive floors must have a resistance of not less than 100 kQ from any point on the tile to earth ground. Also, 
resistance from any point-to-point on the tile floor three (3) feet apart must be not less than100 kQ. The test 
methods to be used are ASTM-F-150-72 and NFPA 99. 


records 
Written records must be kept of all ESD QC audits. 
training 


Training is applicable for all areas where individuals come in contact with ESD-sensitive devices. It is the 
responsibility of each area supervisor to make sure that his/her people receive ESD training initially and every 
12 months thereafter to maintain proficiency. Training may include static fundamentals, a review of applicable 
parts of this specification guideline, and actual applications in the work area. 
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UNITED STATES: Texas Instruments Incorporated: ALABAMA: Huntsville 
(205) 430-0114; ARIZONA: Phoenix (602) 224-7800; CALIFORNIA: Irvine 
(714) 660-1200; Los Angeles (818) 704-8100; San Diego (619) 278-9600; 
San Jose (408) 894-9000; COLORADO: Denver (303) 488-9300; 
CONNECTICUT: Wallingford (203) 269-0074; FLORIDA: Fort Lauderdale 
(214) 644-5580 Orlando (407) 667-5308; Tampa (813) 573-0331; GEORGIA: 
Atlanta (770) 662-7967; ILLINOIS: Chicago (708) 517-4500; INDIANA: 
Indianapolis (317) 573-6400; KANSAS: Kansas City (913) 451-4511; 
MARYLAND: Baltimore (410) 312-7900; MASSACHUSETTS: Boston (617) 
895-9100; MICHIGAN: Detroit (810) 305-5700; MINNESOTA: Minneapolis 
(612) 828-9300; NEW JERSEY: Edison (908) 906-0033; NEW MEXICO: 
Albuquerque (505) 345-2555; NEW YORK: Long Island (516) 454-6600; 
Poughkeepsie (914) 897-2900; Rochester (716) 385-6770; NORTH 
CAROLINA: Charlotte (704) 522-5487; Raleigh (919) 876-2725; OHIO: 
Cleveland (216) 328-2149; Dayton (513) 427-6200; OREGON: Portland 
(503) 643-6758; PENNSYLVANIA: Philadelphia (610) 825-9500; PUERTO 
RICO: Hato Rey (809) 753-8700; TEXAS: Austin (512) 250-6769; Dallas 
(214) 917-1264; Houston (713) 778-6592; Midland (915)561-6521; 
WISCONSIN: Milwaukee (414) 798-5021. 


North American Authorized Distributors 


COMMERCIAL 

Almac / Arrow 800-426-1410 / 800-452-9185 Oregon only 
Anthem Electronics 800-826-8436 

Arrow / Schweber 800-777-2776 

Future Electronics (Canada) 800-388-8731 

Hamilton Hallmark 800-332-8638 


Marshall Industries 800-522-0084 or www.marshall.com 


Wyle 800-414-4144 
OBSOLETE PRODUCTS 

Rochester Electronics 508-462-9332 
MILITARY 

Alliance Electronics Inc 800-608-9494 
Future Electronics (Canada) 800-388-8731 
Hamilton Hallmark 800-332-8638 
Zeus, An Arrow Company 800-524-4735 
Ti DIE PROCESSORS 

Chip Supply (407) 298-7100 
Elmo Semiconductor © (818) 768-7400 
Minco Technology Labs (512) 834-2022 
CATALOG 

Allied Electronics 800-433-5700 
Arrow Advantage 800-777-2776 
Newark Electonics 800-367-3573 


For Distributors outside North America, contact your local Sales Office. 


Important Notice: Texas Instruments (Tl) reserves the right to make changes to or to discontinue any 
product or service identified in this publication without notice. TI advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, that the information being relied upon is 
current. 

Please be advised that Ti warrants its semiconductor products and related software to the specifications 


applicable at the time of sale in accordance with TI's standard warranty. Tl assumes no liability for 
applications assistance, software performance, or third-party product information, or for infringement of 
patents or services described in this publication. Tl assumes no responsibility for customers’ applications or 
product designs. 
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Reader Response Card: TMS370 Data Book 


Texas Instruments wants to provide you with the best 
documentation possible — please help us by answering 
these questions and returning this card. 

How have you used this data book? 


[| To look up specific information on families when 
needed (as a reference) 


[| To read chapters about the family of interest 
|] To read general information before using the product 
(specify chapters) 


Please describe any mistakes or unclear information that 
you found (include page numbers). 


Please list information that was difficult to find and why (not 
in a logical location, format difficult to understand, etc.). 


SPND003 April 1996 


Please provide any specific suggestions that you have for 
improving the content of this document. } 


Are there specific, useful features of this data book that 
should be retained in future versions of this document? 


(specify). 


Additional comments: 


Name Title 
Company 

Address 

City State Zip/Country 


Phone number 


Thank you for taking the time to fill out this card 


BUSINESS REPLY MAIL 


FIRST-CLASS MAIL PERMIT NO. 6189 HOUSTON, TX 
PRE, EE EM PEIN: 2S ROO em ES 
POSTAGE WILL BE PAID BY ADDRESSEE 


sa TEXAS 
INSTRUMENTS 


MAIL STATION 640 
P.O. BOX 1443 
HOUSTON, TX 77251-9879 


NO POSTAGE 
NECESSARY 


IF MAILED 
IN THE 
UNITED STATES 
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